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Description

TECHNICAL FIELD

[0001] The present invention relates to an apparatus, a method and a computer program for video coding and decoding.

BACKGROUND INFORMATION

[0002] This section is intended to provide a background or context to the invention that is recited in the claims. The
description herein may include concepts that could be pursued, but are not necessarily ones that have been previously
conceived or pursued. Therefore, unless otherwise indicated herein, what is described in this section is not prior art to
the description and claims in this application and is not admitted to be prior art by inclusion in this section.
[0003] A video coding system may comprise an encoder that transforms an input video into a compressed represen-
tation suited for storage/transmission and a decoder that can uncompress the compressed video representation back
into a viewable form. The encoder may discard some information in the original video sequence in order to represent
the video in a more compact form, for example, to enable the storage/transmission of the video information at a lower
bitrate than otherwise might be needed.
[0004] Scalable video coding refers to a coding structure where one bitstream can contain multiple representations
of the content at different bitrates, resolutions, frame rates and/or other types of scalability. A scalable bitstream may
consist of a base layer providing the lowest quality video available and one or more enhancement layers that enhance
the video quality when received and decoded together with the lower layers. In order to improve coding efficiency for
the enhancement layers, the coded representation of that layer may depend on the lower layers. Each layer together
with all its dependent layers is one representation of the video signal at a certain spatial resolution, temporal resolution,
quality level, and/or operation point of other types of scalability.
[0005] Various technologies for providing three-dimensional (3D) video content are currently investigated and devel-
oped. Especially, intense studies have been focused on various multiview applications wherein a viewer is able to see
only one pair of stereo video from a specific viewpoint and another pair of stereo video from a different viewpoint. One
of the most feasible approaches for such multiview applications has turned out to be such wherein only a limited number
of input views, e.g. a mono or a stereo video plus some supplementary data, is provided to a decoder side and all
required views are then rendered (i.e. synthesized) locally by the decoder to be displayed on a display.
[0006] In the encoding of 3D video content, video compression systems, such as Advanced Video Coding standard
H.264/AVC or the Multiview Video Coding MVC extension of H.264/AVC can be used.
[0007] WO2008051041 discloses a scalable video coding and decoding apparatus and method for multiview video.
In particular it discloses an apparatus which includes a basic scalability video encoder separating one basic video to
video frames and performing scalable video coding through temporal and spatial prediction, and multiple extended
scalability video encoders for receiving an own video and one or more adjacent videos as reference videos captured
simultaneously, separating the received videos in video frames, performing scalable video coding for the separated low
resolution image frame through temporal and spatial prediction with reference to the adjacent video frames at same
temporal axis as well as own adjacent frame, and performing scalable video coding for the separated high resolution
video frame through temporal and spatial prediction referring to lower layers of the adjacent video frames at same
temporal axis as well as an own lower layer.

SUMMARY

[0008] Some embodiments utilize the consideration that a set of valid motion vector values for encoding and decoding
may depend on the reference picture used. In some cases (e.g. for particular types of reference pictures), the set of
valid motion vector component values may be empty, in which case the encoding of syntax element(s) related to the
motion vector component may be omitted and the value of the motion vector component may be derived in the decoding.
In some cases, the set of valid motion vector component values may be smaller than a normal set of motion vector
values for inter prediction, in which case the entropy coding for the motion vector differences may be changed e.g. by
using a different context-adaptive binary arithmetic coding (CABAC) context for these motion vector differences than
the context for other inter prediction motion vectors. In some cases, the likelihood of motion vector values may depend
more heavily on the reference picture than on the neighboring motion vectors (e.g. spatially or temporally) and hence
entropy coding may differ from that used for other motion vectors, e.g. a different initial CABAC context may be used or
a different context may be maintained and adapted e.g. based on the type of the reference picture.
[0009] Some embodiments provide a mechanism to indicate when the motion vector information is combined with the
indication of the reference picture index. In these cases the decoder may first decode indication about the reference
index associated with the prediction unit. If that reference index points into a picture with indicated special motion vector
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field, the motion vector prediction and differential motion vector decoding processes may be entirely or partly bypassed
and/or the context-based entropy decoding process may differ from that of other motion vectors. Furthermore, if differential
motion vector coding has been entirely or partly bypassed, a motion vector may be derived with a special process for
the prediction unit.
[0010] In some embodiments motion vector components utilized for view synthesis based prediction, inter-view pre-
diction, and inter-layer prediction may be restricted in their applicability range, which define set of syntax elements and
set of decoding operations.
[0011] According to a first aspect of the invention, there is provided a method comprising:

selecting a current block of a frame for encoding;
selecting a reference block for the current block;
determining a reference type on the basis of the selected reference block;
determining a motion vector for the current block on the basis of the reference type and the reference block; and
encoding motion vector information on the basis of the determined motion vector.

[0012] According to a second aspect of the invention, there is provided a method comprising:

selecting a current block of a frame for encoding;
selecting a reference block for the current block;
determining a reference picture index identifying the picture the reference block belongs to;
determining a motion vector for the current block on the basis of the reference picture index; and encoding motion
vector information on the basis of the determined motion vector.

[0013] According to a third aspect of the invention, there is provided an apparatus comprising at least one processor
and at least one memory including computer program code, the at least one memory and the computer program code
configured to, with the at least one processor, cause the apparatus to:

select a current block of a frame for encoding;
select a reference block for the current block;
determine a reference type on the basis of the selected reference block;
determine a motion vector for the current block on the basis of the reference type and the reference block; and
encode motion vector information on the basis of the determined motion vector.

[0014] According to a fourth aspect of the invention, there is provided an apparatus comprising at least one processor
and at least one memory including computer program code, the at least one memory and the computer program code
configured to, with the at least one processor, cause the apparatus to:

select a current block of a frame for encoding;
select a reference block for the current block;
determine a reference picture index identifying the picture the reference block belongs to;
determine a motion vector for the current block on the basis of the reference picture index; and
encode motion vector information on the basis of the determined motion vector.

[0015] According to a fifth aspect of the invention, there is provided a computer
program product including one or more sequences of one or more instructions which, when executed by one or more
processors, cause an apparatus to at least perform the following:

select a current block of a frame for encoding;
select a reference block for the current block;
determine a reference type on the basis of the selected reference block;
determine a motion vector for the current block on the basis of the reference type and the reference block; and
encode motion vector information on the basis of the determined motion vector. According to a sixth aspect of the
invention, there is provided a computer

program product including one or more sequences of one or more instructions which, when executed by one or more
processors, cause an apparatus to at least perform the following:

select a current block of a frame for encoding;



EP 2 839 660 B1

5

5

10

15

20

25

30

35

40

45

50

55

select a reference block for the current block;
determine a reference picture index identifying the picture the reference block belongs to;
determine a motion vector for the current block on the basis of the reference picture index; and
encode motion vector information on the basis of the determined motion vector.

[0016] According to a seventh aspect of the invention there is provided an apparatus comprising:

means for selecting a current block of a frame for encoding;
means for selecting a reference block for the current block;
means for determining a reference type on the basis of the selected reference block;
means for determining a motion vector for the current block on the basis of the reference type and the reference
block; and
means for encoding motion vector information on the basis of the determined motion vector.

[0017] According to an eighth aspect of the invention there is provided an apparatus comprising:

means for selecting a current block of a frame for encoding;
means for selecting a reference block for the current block;
means for determining a reference picture index identifying the picture the reference block belongs to;
means for determining a motion vector for the current block on the basis of the reference picture index; and
means for encoding motion vector information on the basis of the determined motion vector.

[0018] According to a ninth aspect of the invention, there is provided a method comprising:

receiving a bit stream comprising encoded information relating to a current block of a frame;
decoding the encoded information;
examining the received information to determine whether the decoded information contains indication of a reference
type for the current block;
if so, using the reference type to determine how to obtain motion vector information relating to the current block; and
obtaining the motion vector information.

[0019] According to a tenth aspect of the invention, there is provided a method comprising:

receiving a bit stream comprising encoded information relating to a current block of a frame;
decoding the encoded information;
examining the received information to determine whether the decoded information contains indication of a reference
picture index identifying the picture the reference block belongs to;
if so, using the reference picture index to determine how to obtain motion vector information relating to the current
block; and
obtaining the motion vector information.

[0020] According to an eleventh aspect of the invention, there is provided an apparatus comprising at least one
processor and at least one memory including computer program code, the at least one memory and the computer
program code configured to, with the at least one processor, cause the apparatus to:

receive a bit stream comprising encoded information relating to a current block of a frame;
decode the encoded information;
examine the received information to determine whether the decoded information contains indication of a reference
type for the current block;
if so, use the reference type to determine how to obtain motion vector information relating to the current block; and
obtain the motion vector information.

[0021] According to a twelfth aspect of the invention, there is provided an apparatus comprising at least one processor
and at least one memory including computer program code, the at least one memory and the computer program code
configured to, with the at least one processor, cause the apparatus to:

receive a bit stream comprising encoded information relating to a current block of a frame;
decode the encoded information;
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examine the received information to determine whether the decoded information contains indication of a reference
picture index identifying the picture the reference block belongs to;
if so, use the reference picture index to determine how to obtain motion vector information relating to the current
block; and
obtain the motion vector information.

[0022] According to a thirteenth aspect of the invention, there is provided a computer program product including one
or more sequences of one or more instructions which, when executed by one or more processors, cause an apparatus
to at least perform the following:

receive a bit stream comprising encoded information relating to a current block of a frame;
decode the encoded information;
examine the received information to determine whether the decoded information contains indication of a reference
type for the current block;
if so, use the reference type to determine how to obtain motion vector information relating to the current block; and
obtain the motion vector information.

[0023] According to a fourteenth aspect of the invention, there is provided a computer program product including one
or more sequences of one or more instructions which, when executed by one or more processors, cause an apparatus
to at least perform the following:

receive a bit stream comprising encoded information relating to a current block of a frame;
decode the encoded information;
examine the received information to determine whether the decoded information contains indication of a reference
picture index identifying the picture the reference block belongs to;
if so, use the reference picture index to determine how to obtain motion vector information relating to the current
block; and
obtain the motion vector information.

[0024] According to a fifteenth aspect of the invention, there is provided an apparatus comprising:

means for receiving a bit stream comprising encoded information relating to a current block of a frame;
means for decoding the encoded information;
means for examining the received information to determine whether the decoded information contains indication of
a reference type for the current block;
means for using the reference type to determine how to obtain motion vector information relating to the current
block, if the encoded information contains indication of a reference type for the current block; and
means for obtaining the motion vector information..

[0025] According to a sixteenth aspect of the invention, there is provided an apparatus comprising:

means for receiving a bit stream comprising encoded information relating to a current block of a frame;
means for decoding the encoded information;
means for examining the received information to determine whether the decoded information contains indication of
a reference picture index identifying the picture the reference block belongs to;
means for using the reference picture index to determine how to obtain motion vector information relating to the
current block, if the encoded information contains indication of a reference type for the current block; and
means for obtaining the motion vector information.

[0026] According to a seventeenth aspect of the invention, there is provided a video coder configured for:

selecting a current block of a frame for encoding;
selecting a reference block for the current block;
determining a reference type on the basis of the selected reference block;
determining a motion vector for the current block on the basis of the reference type and the reference block; and
encoding motion vector information on the basis of the determined motion vector.

[0027] According to an eighteenth aspect of the invention, there is provided a video coder configured for:
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selecting a current block of a frame for encoding;
selecting a reference block for the current block;
determining a reference picture index identifying the picture the reference block belongs to;
determining a motion vector for the current block on the basis of the reference picture index; and
encoding motion vector information on the basis of the determined motion vector.

[0028] According to a nineteenth aspect of the invention, there is provided a video decoder configured for:

receiving a bit stream comprising encoded information relating to a current block of a frame;
decoding the encoded information;
examining the received information to determine whether the decoded information contains indication of a reference
type for the current block;
if so, using the reference type to determine how to obtain motion vector information relating to the current block; and
obtaining the motion vector information.

[0029] According to a twentieth aspect of the invention, there is provided a video decoder configured for:

receiving a bit stream comprising encoded information relating to a current block of a frame;
decoding the encoded information;
examining the received information to determine whether the decoded information contains indication of a reference
picture index identifying the picture the reference block belongs to;
if so, using the reference picture index to determine how to obtain motion vector information relating to the current
block; and
obtaining the motion vector information.

DESCRIPTION OF THE DRAWINGS

[0030] For better understanding of the present invention, reference will now be made by way of example to the
accompanying drawings in which:

Figure 1 shows a simplified 2D model of a stereoscopic camera setup;
Figure 2 shows a simplified model of a multiview camera setup;
Figure 3 shows a simplified model of a multiview autostereoscopic display (ASD);
Figure 4 shows a simplified model of a DIBR-based 3DV system;
Figures 5 and 6 show an example of a time-of-flight -based depth estimation system;
Figure 7a shows spatial neighborhood of the currently coded block serving as the candidates for intra prediction;
Figure 7b shows temporal neighborhood of the currently coded block serving as the candidates for inter prediction;
Figure 8 shows an example of a view synthesis enabled multi-view video encoder as a simplified block diagram;
Figure 9 shows an example of a view synthesis enabled multi-view video decoder as a simplified block diagram;
Figure 10 shows schematically an electronic device suitable for employing some embodiments of the invention;
Figure 11 shows schematically a user equipment suitable for employing some embodiments of the invention;
Figure 12 further shows schematically electronic devices employing embodiments of the invention connected using
wireless and wired network connections;
Figure 13 shows an encoding method according to an example embodiment as a flow diagram; and
Figure 14 shows a decoding method according to an example embodiment as a flow diagram.

DETAILED DESCRIPTION OF SOME EXAMPLE EMBODIMENTS

[0031] The invention is defined in the appended claims. Any examples and embodiments of the description not falling
within the scope of the claims do not form part of the invention and are provided for illustrative purposes only.
[0032] In order to understand the various aspects of the invention and the embodiments related thereto, the following
describes briefly some closely related aspects of video coding.
[0033] Some key definitions, bitstream and coding structures, and concepts of H.264/AVC are described in this section
as an example of a video encoder, decoder, encoding method, decoding method, and a bitstream structure, wherein
some embodiments may be implemented. The aspects of the invention are not limited to H.264/AVC, but rather the
description is given for one possible basis on top of which the invention may be partly or fully realized.
[0034] The H.264/AVC standard was developed by the Joint Video Team (JVT) of the Video Coding Experts Group
(VCEG) of the Telecommunications Standardisation Sector of International Telecommunication Union (ITU-T) and the
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Moving Picture Experts Group (MPEG) of International Standardisation Organisation (ISO) / International Electrotechnical
Commission (IEC). The H.264/AVC standard is published by both parent standardization organizations, and it is referred
to as ITU-T Recommendation H.264 and ISO/IEC International Standard 14496-10, also known as MPEG-4 Part 10
Advanced Video Coding (AVC). There have been multiple versions of the H.264/AVC standard, each integrating new
extensions or features to the specification. These extensions include Scalable Video Coding (SVC) and Multiview Video
Coding (MVC).
[0035] Similarly to many earlier video coding standards, the bitstream syntax and semantics as well as the decoding
process for error-free bitstreams are specified in H.264/AVC. The encoding process is not specified, but encoders must
generate conforming bitstreams. Bitstream and decoder conformance can be verified with the Hypothetical Reference
Decoder (HRD), which is specified in Annex C of H.264/AVC. The standard contains coding tools that help in coping
with transmission errors and losses, but the use of the tools in encoding is optional and no decoding process has been
specified for erroneous bitstreams.
[0036] The elementary unit for the input to an H.264/AVC encoder and the output of an H.264/AVC decoder is a picture.
A picture may either be a frame or a field. A frame typically comprises a matrix of luma samples and corresponding
chroma samples. A field is a set of alternate sample rows of a frame and may be used as encoder input, when the source
signal is interlaced. A macroblock (MB) is a 16x16 block of luma samples and the corresponding blocks of chroma
samples. A block has boundary samples, which consist of the samples at the top-most and bottom-most rows of samples
and at the left-most and right-most columns of samples. Boundary samples adjacent to another block being coded or
decoded may be used for example in intra prediction. Chroma pictures may be subsampled when compared to luma
pictures. For example, in the 4:2:0 sampling pattern the spatial resolution of chroma pictures is half of that of the luma
picture along both coordinate axes and consequently a macroblock contains one 8x8 block of chroma samples per each
chroma component. A picture is partitioned to one or more slice groups, and a slice group contains one or more slices.
A slice consists of an integer number of macroblocks ordered consecutively in the raster scan within a particular slice
group.
[0037] The elementary unit for the output of an H.264/AVC encoder and the input of an H.264/AVC decoder is a
Network Abstraction Layer (NAL) unit. Decoding of partially lost or corrupted NAL units is typically difficult. For transport
over packet-oriented networks or storage into structured files, NAL units are typically encapsulated into packets or similar
structures. A bytestream format has been specified in H.264/AVC for transmission or storage environments that do not
provide framing structures. The bytestream format separates NAL units from each other by attaching a start code in
front of each NAL unit. To avoid false detection of NAL unit boundaries, encoders run a byte-oriented start code emulation
prevention algorithm, which adds an emulation prevention byte to the NAL unit payload if a start code would have
occurred otherwise. In order to enable straightforward gateway operation between packet- and stream-oriented systems,
start code emulation prevention is performed always regardless of whether the bytestream format is in use or not.
[0038] H.264/AVC, as many other video coding standards, allows splitting of a coded picture into slices. In-picture
prediction is disabled across slice boundaries. Thus, slices can be regarded as a way to split a coded picture into
independently decodable pieces, and slices are therefore elementary units for transmission.
[0039] Some profiles of H.264/AVC enable the use of up to eight slice groups per coded picture. When more than one
slice group is in use, the picture is partitioned into slice group map units, which are equal to two vertically consecutive
macroblocks when the macroblock-adaptive frame-field (MBAFF) coding is in use and equal to a macroblock otherwise.
The picture parameter set contains data based on which each slice group map unit of a picture is associated with a
particular slice group. A slice group can contain any slice group map units, including non-adjacent map units. When
more than one slice group is specified for a picture, the flexible macroblock ordering (FMO) feature of the standard is used.
[0040] In H.264/AVC, a slice consists of one or more consecutive macroblocks (or macroblock pairs, when MBAFF
is in use) within a particular slice group in raster scan order. If only one slice group is in use, H.264/AVC slices contain
consecutive macroblocks in raster scan order and are therefore similar to the slices in many previous coding standards.
In some profiles of H.264/AVC slices of a coded picture may appear in any order relative to each other in the bitstream,
which is referred to as the arbitrary slice ordering (ASO) feature. Otherwise, slices must be in raster scan order in the
bitstream.
[0041] NAL units consist of a header and payload. The NAL unit header indicates the type of the NAL unit and whether
a coded slice contained in the NAL unit is a part of a reference picture or a non-reference picture. The header for SVC
and MVC NAL units additionally contains various indications related to the scalability and multiview hierarchy.
[0042] NAL units of H.264/AVC can be categorized into Video Coding Layer (VCL) NAL units and non-VCL NAL units.
VCL NAL units are either coded slice NAL units, coded slice data partition NAL units, or VCL prefix NAL units. Coded
slice NAL units contain syntax elements representing one or more coded macroblocks, each of which corresponds to a
block of samples in the uncompressed picture. There are four types of coded slice NAL units: coded slice in an Instan-
taneous Decoding Refresh (IDR) picture, coded slice in a non-IDR picture, coded slice of an auxiliary coded picture
(such as an alpha plane) and coded slice extension (for SVC slices not in the base layer or MVC slices not in the base
view). A set of three coded slice data partition NAL units contains the same syntax elements as a coded slice. Coded
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slice data partition A comprises macroblock headers and motion vectors of a slice, while coded slice data partition B
and C include the coded residual data for intra macroblocks and inter macroblocks, respectively. It is noted that the
support for slice data partitions is only included in some profiles of H.264/AVC. A VCL prefix NAL unit precedes a coded
slice of the base layer in SVC and MVC bitstreams and contains indications of the scalability hierarchy of the associated
coded slice.
[0043] A non-VCL NAL unit of H.264/AVC may be of one of the following types: a sequence parameter set, a picture
parameter set, a supplemental enhancement information (SEI) NAL unit, an access unit delimiter, an end of sequence
NAL unit, an end of stream NAL unit, or a filler data NAL unit. Parameter sets are essential for the reconstruction of
decoded pictures, whereas the other non-VCL NAL units are not necessary for the reconstruction of decoded sample
values and serve other purposes presented below.
[0044] Many parameters that remain unchanged through a coded video sequence are included in a sequence param-
eter set. In addition to the parameters that are essential to the decoding process, the sequence parameter set may
optionally contain video usability information (VUI), which includes parameters that are important for buffering, picture
output timing, rendering, and resource reservation. A picture parameter set contains such parameters that are likely to
be unchanged in several coded pictures. No picture header is present in H.264/AVC bitstreams but the frequently
changing picture-level data is repeated in each slice header and picture parameter sets carry the remaining picture-level
parameters. H.264/AVC syntax allows many instances of sequence and picture parameter sets, and each instance is
identified with a unique identifier. Each slice header includes the identifier of the picture parameter set that is active for
the decoding of the picture that contains the slice, and each picture parameter set contains the identifier of the active
sequence parameter set. Consequently, the transmission of picture and sequence parameter sets does not have to be
accurately synchronized with the transmission of slices. Instead, it is sufficient that the active sequence and picture
parameter sets are received at any moment before they are referenced, which allows transmission of parameter sets
using a more reliable transmission mechanism compared to the protocols used for the slice data. For example, parameter
sets can be included as a parameter in the session description for H.264/AVC Real-time Transport Protocol (RTP)
sessions. If parameter sets are transmitted in-band, they can be repeated to improve error robustness.
[0045] A SEI NAL unit of H.264/AVC contains one or more SEI messages, which are not required for the decoding of
output pictures but assist in related processes, such as picture output timing, rendering, error detection, error concealment,
and resource reservation. Several SEI messages are specified in H.264/AVC, and the user data SEI messages enable
organizations and companies to specify SEI messages for their own use. H.264/AVC contains the syntax and semantics
for the specified SEI messages but no process for handling the messages in the recipient is defined. Consequently,
encoders are required to follow the H.264/AVC standard when they create SEI messages, and decoders conforming to
the H.264/AVC standard are not required to process SEI messages for output order conformance. One of the reasons
to include the syntax and semantics of SEI messages in H.264/AVC is to allow different system specifications to interpret
the supplemental information identically and hence interoperate. It is intended that system specifications can require
the use of particular SEI messages both in the encoding end and in the decoding end, and additionally the process for
handling particular SEI messages in the recipient can be specified.
[0046] A coded picture in H.264/AVC consists of the VCL NAL units that are required for the decoding of the picture.
A coded picture can be a primary coded picture or a redundant coded picture. A primary coded picture is used in the
decoding process of valid bitstreams, whereas a redundant coded picture is a redundant representation that should only
be decoded when the primary coded picture cannot be successfully decoded.
[0047] In H.264/AVC, an access unit consists of a primary coded picture and those NAL units that are associated with
it. The appearance order of NAL units within an access unit is constrained as follows. An optional access unit delimiter
NAL unit may indicate the start of an access unit. It is followed by zero or more SEI NAL units. The coded slices or slice
data partitions of the primary coded picture appear next, followed by coded slices for zero or more redundant coded
pictures.
[0048] As noted above, in scalable video coding, a video signal can be encoded into a base layer and one or more
enhancement layers constructed. An enhancement layer may enhance for example the temporal resolution (i.e., the
frame rate), the spatial resolution, or simply the quality of the video content represented by another layer or part thereof.
Each layer together with all its dependent layers is one representation of the video signal for example at a certain spatial
resolution, temporal resolution and quality level. In this document, we refer to a scalable layer together with all of its
dependent layers as a "scalable layer representation". The portion of a scalable bitstream corresponding to a scalable
layer representation can be extracted and decoded to produce a representation of the original signal at certain fidelity.
[0049] In some cases, data in an enhancement layer can be truncated after a certain location, or even at arbitrary
positions, where each truncation position may include additional data representing increasingly enhanced visual quality.
Such scalability is referred to as fine-grained (granularity) scalability (FGS). FGS was included in some draft versions
of the SVC standard, but it was eventually excluded from the final SVC standard. FGS is subsequently discussed in the
context of some draft versions of the SVC standard. The scalability provided by those enhancement layers that cannot
be truncated is referred to as coarse-grained (granularity) scalability (CGS). It collectively includes the traditional quality
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(SNR) scalability and spatial scalability. The SVC standard supports the so-called medium-grained scalability (MGS),
where quality enhancement pictures are coded similarly to SNR scalable layer pictures but indicated by high-level syntax
elements similarly to FGS layer pictures, by having the quality_id syntax element greater than 0.
[0050] SVC uses an inter-layer prediction mechanism, wherein certain information can be predicted from layers other
than the currently reconstructed layer or the next lower layer. Information that could be inter-layer predicted includes
intra texture, motion and residual data. Inter-layer motion prediction includes the prediction of block coding mode, header
information, etc., wherein motion from the lower layer may be used for prediction of the higher layer. In case of intra
coding, a prediction from surrounding macroblocks or from co-located macroblocks of lower layers is possible. These
prediction techniques do not employ information from earlier coded access units and hence, are referred to as intra
prediction techniques. Furthermore, residual data from lower layers can also be employed for prediction of the current
layer.
[0051] SVC specifies a concept known as single-loop decoding. It is enabled by using a constrained intra texture
prediction mode, whereby the inter-layer intra texture prediction can be applied to macroblocks (MBs) for which the
corresponding block of the base layer is located inside intra-MBs. At the same time, those intra-MBs in the base layer
use constrained intra-prediction (e.g., having the syntax element "constrained_intra_pred_flag" equal to 1). In single-
loop decoding, the decoder performs motion compensation and full picture reconstruction only for the scalable layer
desired for playback (called the "desired layer" or the "target layer"), thereby greatly reducing decoding complexity. All
of the layers other than the desired layer do not need to be fully decoded because all or part of the data of the MBs not
used for inter-layer prediction (be it inter-layer intra texture prediction, inter-layer motion prediction or inter-layer residual
prediction) is not needed for reconstruction of the desired layer.
[0052] A single decoding loop is needed for decoding of most pictures, while a second decoding loop is selectively
applied to reconstruct the base representations, which are needed as prediction references but not for output or display,
and are reconstructed only for the so called key pictures (for which "store_ref_base_pic_flag" is equal to 1).
[0053] The scalability structure in the SVC draft is characterized by three syntax elements: "temporal_id,"
"dependency_id" and "quality_id." The syntax element "temporal_id" is used to indicate the temporal scalability hierarchy
or, indirectly, the frame rate. A scalable layer representation comprising pictures of a smaller maximum "temporal_id"
value has a smaller frame rate than a scalable layer representation comprising pictures of a greater maximum
"temporal_id". A given temporal layer typically depends on the lower temporal layers (i.e., the temporal layers with smaller
"temporal_id" values) but does not depend on any higher temporal layer. The syntax element "dependency_id" is used
to indicate the CGS inter-layer coding dependency hierarchy (which, as mentioned earlier, includes both SNR and spatial
scalability). At any temporal level location, a picture of a smaller "dependency_id" value may be used for inter-layer
prediction for coding of a picture with a greater "dependency_id" value. The syntax element "quality_id" is used to indicate
the quality level hierarchy of an MGS layer. At any temporal location, and with an identical "dependency_id" value, a
picture with "quality_id" equal to QL uses the picture with "quality_id" equal to QL-1 for inter-layer prediction.
[0054] For simplicity, all the data units (e.g., Network Abstraction Layer units or NAL units in the SVC context) in one
access unit having identical value of "dependency_id" are referred to as a dependency unit or a dependency represen-
tation. Within one dependency unit, all the data units having identical value of "quality_id" are referred to as a quality
unit or layer representation.
[0055] A base representation, also known as a decoded base picture, is a decoded picture resulting from decoding
the Video Coding Layer (VCL) NAL units of a dependency unit having "quality_id" equal to 0 and for which the
"store_ref_base_pic_flag" is set equal to 1. An enhancement representation, also referred to as a decoded picture,
results from the regular decoding process in which all the layer representations that are present for the highest dependency
representation are decoded.
[0056] Each H.264/AVC VCL NAL unit (with NAL unit type in the scope of 1 to 5) is preceded by a prefix NAL unit in
an SVC bitstream. A compliant H.264/AVC decoder implementation ignores prefix NAL units. The prefix NAL unit includes
the "temporal id" value and hence an SVC decoder, that decodes the base layer, can learn from the prefix NAL units
the temporal scalability hierarchy. Moreover, the prefix NAL unit includes reference picture marking commands for base
representations.
[0057] SVC uses the same mechanism as H.264/AVC to provide temporal scalability. Temporal scalability provides
refinement of the video quality in the temporal domain, by giving flexibility of adjusting the frame rate. In H.264/AVC,
SVC and MVC, temporal scalability can be achieved by using non-reference pictures and/or hierarchical reference
picture prediction structures. Using only non-reference pictures is able to achieve similar temporal scalability as using
conventional B pictures in MPEG-1/2/4, by discarding non-reference pictures. Hierarchical coding structure can achieve
more flexible temporal scalability.
[0058] In H.264/AVC, the temporal level may be signaled by the sub-sequence layer number in the sub-sequence
information Supplemental Enhancement Information (SEI) messages. In SVC, the temporal level is signaled in the
Network Abstraction Layer (NAL) unit header by the syntax element "temporal id." The bitrate and frame rate information
for each temporal level is signaled in the scalability information SEI message.
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[0059] As mentioned earlier, CGS includes both spatial scalability and SNR scalability. Spatial scalability is initially
designed to support representations of video with different resolutions. For each time instance, VCL NAL units are coded
in the same access unit and these VCL NAL units can correspond to different resolutions. During the decoding, a low
resolution VCL NAL unit provides the motion field and residual which can be optionally inherited by the final decoding
and reconstruction of the high resolution picture. When compared to older video compression standards, SVC’s spatial
scalability has been generalized to enable the base layer to be a cropped and zoomed version of the enhancement layer.
[0060] In the basic form of FGS enhancement layers, only inter-layer prediction is used. Therefore, FGS enhancement
layers can be truncated freely without causing any error propagation in the decoded sequence. However, the basic form
of FGS suffers from low compression efficiency. This issue arises because only low-quality pictures are used for inter
prediction references. It has therefore been proposed that FGS-enhanced pictures be used as inter prediction references.
However, this causes encoding-decoding mismatch, also referred to as drift, when some FGS data are discarded.
[0061] One feature of SVC is that the FGS NAL units can be freely dropped or truncated, and MGS NAL units can be
freely dropped (but cannot be truncated) without affecting the conformance of the bitstream. As discussed above, when
those FGS or MGS data have been used for inter prediction reference during encoding, dropping or truncation of the
data would result in a mismatch between the decoded pictures in the decoder side and in the encoder side. This mismatch
is also referred to as drift.
[0062] To control drift due to the dropping or truncation of FGS or MGS data, SVC applied the following solution: In a
certain dependency unit, a base representation (by decoding only the CGS picture with "quality_id" equal to 0 and all
the dependent-on lower layer data) is stored in the decoded picture buffer. When encoding a subsequent dependency
unit with the same value of "dependency_id," all of the NAL units, including FGS or MGS NAL units, use the base
representation for inter prediction reference. Consequently, all drift due to dropping or truncation of FGS or MGS NAL
units in an earlier access unit is stopped at this access unit. For other dependency units with the same value of
"dependency_id," all of the NAL units use the decoded pictures for inter prediction reference, for high coding efficiency.
Each NAL unit includes in the NAL unit header a syntax element "use_ref_base_pic_flag." When the value of this element
is equal to 1, decoding of the NAL unit uses the base representations of the reference pictures during the inter prediction
process. The syntax element "store_ref_base_pic_flag" specifies whether (when equal to 1) or not (when equal to 0) to
store the base representation of the current picture for future pictures to use for inter prediction.
[0063] NAL units with "quality_id" greater than 0 do not contain syntax elements related to reference picture lists
construction and weighted prediction, i.e., the syntax elements "num_ref_active_lx_minus1" (x=0 or 1), the reference
picture list reordering syntax table, and the weighted prediction syntax table are not present. Consequently, the MGS
or FGS layers have to inherit these syntax elements from the NAL units with "quality_id" equal to 0 of the same dependency
unit when needed.
[0064] The leaky prediction technique makes use of both base representations and decoded pictures (corresponding
to the highest decoded "quality_id"), by predicting FGS data using a weighted combination of the base representations
and decoded pictures. The weighting factor can be used to control the attenuation of the potential drift in the enhancement
layer pictures. When leaky prediction is used, the FGS feature of the SVC is often referred to as Adaptive Reference
FGS (AR-FGS). AR-FGS is a tool to balance between coding efficiency and drift control. AR-FGS enables leaky prediction
by slice level signaling and MB level adaptation of weighting factors.
[0065] An access unit in MVC is defined to be a set of NAL units that are consecutive in decoding order and contain
exactly one primary coded picture consisting of one or more view components. In addition to the primary coded picture,
an access unit may also contain one or more redundant coded pictures, one auxiliary coded picture, or other NAL units
not containing slices or slice data partitions of a coded picture. The decoding of an access unit always results in one
decoded picture consisting of one or more decoded view components. In other words, an access unit in MVC contains
the view components of the views for one output time instance.
[0066] A view component in MVC is referred to as a coded representation of a view in a single access unit.
[0067] Inter-view prediction may be used in MVC and refers to prediction of a view component from decoded samples
of different view components of the same access unit. In MVC, inter-view prediction is realized similarly to inter prediction.
For example, inter-view reference pictures are placed in the same reference picture list(s) as reference pictures for inter
prediction, and a reference index as well as a motion vector are coded or inferred similarly for inter-view and inter
reference pictures.
[0068] An anchor picture in MVC is a coded picture in which all slices may reference only slices within the same access
unit, i.e., inter-view prediction may be used, but no inter prediction is used, and all following coded pictures in output
order do not use inter prediction from any picture prior to the coded picture in decoding order. Inter-view prediction may
be used for IDR view components that are part of a non-base view. A base view in MVC is a view that has the minimum
value of view order index in a coded video sequence. The base view can be decoded independently of other views and
does not use inter-view prediction. The base view can be decoded by H.264/AVC decoders supporting only the single-
view profiles, such as the Baseline Profile or the High Profile of H.264/AVC.
[0069] In the MVC standard, many of the sub-processes of the MVC decoding process use the respective sub-proc-
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esses of the H.264/AVC standard by replacing term "picture", "frame", and "field" in the sub-process specification of the
H.264/AVC standard by "view component", "frame view component", and "field view component", respectively. Likewise,
terms "picture", "frame", and "field" are often used in the following to mean "view component", "frame view component",
and "field view component", respectively.
[0070] A coded video sequence is defined to be a sequence of consecutive access units in decoding order from an
IDR access unit, inclusive, to the next IDR access unit, exclusive, or to the end of the bitstream, whichever appears earlier.
[0071] A group of pictures (GOP) and its characteristics may be defined as follows. A GOP can be decoded regardless
of whether any previous pictures were decoded. An open GOP is such a group of pictures in which pictures preceding
the initial intra picture in output order might not be correctly decodable when the decoding starts from the initial intra
picture of the open GOP. In other words, pictures of an open GOP may refer (in inter prediction) to pictures belonging
to a previous GOP. An H.264/AVC decoder can recognize an intra picture starting an open GOP from the recovery point
SEI message in an H.264/AVC bitstream. A closed GOP is such a group of pictures in which all pictures can be correctly
decoded when the decoding starts from the initial intra picture of the closed GOP. In other words, no picture in a closed
GOP refers to any pictures in previous GOPs. In H.264/AVC, a closed GOP starts from an IDR access unit. As a result,
closed GOP structure has more error resilience potential in comparison to the open GOP structure, however at the cost
of possible reduction in the compression efficiency. Open GOP coding structure is potentially more efficient in the
compression, due to a larger flexibility in selection of reference pictures.
[0072] The bitstream syntax of H.264/AVC indicates whether a particular picture is a reference picture for inter prediction
of any other picture. Pictures of any coding type (I, P, B) can be reference pictures or non-reference pictures in H.264/AVC.
The NAL unit header indicates the type of the NAL unit and whether a coded slice contained in the NAL unit is a part of
a reference picture or a non-reference picture.
[0073] There is an ongoing video coding standardization project for specifying a High Efficiency Video Coding (HEVC)
standard. Many of the key definitions, bitstream and coding structures, and concepts of HEVC are the same as or similar
to those of H.264/AVC. Some key definitions, bitstream and coding structures, and concepts of HEVC are described in
this section as an example of a video encoder, decoder, encoding method, decoding method, and a bitstream structure,
wherein some embodiments may be implemented. The aspects of the invention are not limited to HEVC, but rather the
description is given for one possible basis on top of which the invention may be partly or fully realized.
[0074] Similarly to H.264/AVC, an HEVC bitstream consists of a number of access units, each including coded data
associated with a picture. Each access unit is divided into NAL units, including one or more VCL NAL units (i.e., coded
slice NAL units) and zero or more non-VCL NAL units, e.g., parameter set NAL units or Supplemental Enhancement
Information (SEI) NAL units. Each NAL unit includes a NAL unit header and a NAL unit payload. In a draft HEVC standard,
a two-byte NAL unit header is used for all specified NAL unit types. The first byte of the NAL unit header contains one
reserved bit, a one-bit indication nal_ref_idc primarily indicating whether the picture carried in this access unit is a
reference picture or a non-reference picture, and a six-bit NAL unit type indication. The second byte of the NAL unit
header includes a three-bit temporal_id indication for temporal level and a five-bit reserved field (called
reserved_one_5bits) required to have a value equal to 1 in a draft HEVC standard. The five-bit reserved field is expected
to be used by extensions such as a future scalable and 3D video extension. It is expected that these five bits would
carry information on the scalability hierarchy, such as quality_id or similar, dependency_id or similar, any other type of
layer identifier, view order index or similar, view identifier, an identifier similar to priority_id of SVC indicating a valid sub-
bitstream extraction if all NAL units greater than a specific identifier value are removed from the bitstream. Without loss
of generality, in some example embodiments a variable LayerId is derived from the value of reserved_one_5bits for
example as follows: LayerId = reserved_one_5bits - 1.
[0075] In a draft HEVC standard, some key definitions and concepts for picture partitioning are defined as follows. A
partitioning is defined as the division of a set into subsets such that each element of the set is in exactly one of the subsets.
[0076] Video pictures can be divided into coding units (CU) covering the area of the picture. A coding unit consists of
one or more prediction units (PU) defining the prediction process for the samples within the coding unit and one or more
transform units (TU) defining the prediction error coding process for the samples in the coding unit. A coding unit may
consist of a square block of samples with a size selectable from a predefined set of possible coding unit sizes. A coding
unit with the maximum allowed size may be named as a largest coding unit (LCU) and the video picture may be divided
into non-overlapping largest coding units. A largest coding unit can further be split into a combination of smaller coding
units, e.g. by recursively splitting the largest coding unit and resultant coding units. Each resulting coding unit may have
at least one prediction unit and at least one transform unit associated with it. Each prediction unit and transform unit can
further be split into smaller prediction units and transform units in order to increase granularity of the prediction and
prediction error coding processes, respectively. Each prediction unit has prediction information associated with it defining
what kind of a prediction is to be applied for the pixels within that prediction unit (e.g. motion vector information for inter
predicted prediction units and intra prediction directionality information for intra predicted prediction units). Similarly,
each transform unit is associated with information describing the prediction error decoding process for the samples
within the transform unit (including e.g. DCT coefficient information). It may be signalled at coding unit level whether
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prediction error coding is applied or not for each coding unit. In the case there is no prediction error residual associated
with the coding unit, it can be considered there are no transform units for the coding unit. The division of the image into
coding units, and division of coding units into prediction units and transform units may be signalled in a bitstream allowing
the decoder to reproduce the intended structure of these units.
[0077] Many hybrid video codecs, including H.264/AVC and HEVC, encode video information in two phases. In the
first phase, pixel or sample values in a certain picture area or "block" are predicted. These pixel or sample values can
be predicted, for example, by motion compensation mechanisms, which involve finding and indicating an area in one of
the previously encoded video frames that corresponds closely to the block being coded. Additionally, pixel or sample
values can be predicted by spatial mechanisms which involve finding and indicating a spatial region relationship.
[0078] Prediction approaches using image information from a previously coded image can also be called as inter
prediction methods which may be also referred to as temporal prediction and motion compensation. Prediction approach-
es using image information within the same image can also be called as intra prediction methods.
[0079] The second phase is one of coding the error between the predicted block of pixels or samples and the original
block of pixels or samples. This may be accomplished by transforming the difference in pixel or sample values using a
specified transform. This transform may be a Discrete Cosine Transform (DCT) or a variant thereof. After transforming
the difference, the transformed difference is quantized and entropy encoded.
[0080] By varying the fidelity of the quantization process, the encoder can control the balance between the accuracy
of the pixel or sample representation (i.e. the visual quality of the picture) and the size of the resulting encoded video
representation (e.g. the file size or transmission bit rate).
[0081] The decoder reconstructs the output video by applying a prediction mechanism similar to that used by the
encoder in order to form a predicted representation of the pixel or sample blocks (using the motion or spatial information
created by the encoder and stored in the compressed representation of the image) and prediction error decoding (the
inverse operation of the prediction error coding to recover the quantized prediction error signal in the spatial domain).
[0082] After applying pixel or sample prediction and error decoding processes the decoder combines the prediction
and the prediction error signals (the pixel or sample values) to form the output video frame.
[0083] The decoder (and encoder) may also apply additional filtering processes in order to improve the quality of the
output video before passing it for display and/or storing as a prediction reference for the forthcoming pictures in the video
sequence.
[0084] In many video codecs, including H.264/AVC and HEVC, the motion information is indicated with motion vectors
associated with each motion compensated image block. Each of these motion vectors represents the displacement of
the image block in the picture to be coded (in the encoder side) or decoded (in the decoder side) and the prediction
source block in one of the previously coded or decoded pictures. H.264/AVC and HEVC, as many other video compression
standards, divides a picture into a mesh of rectangles, for each of which a similar block in one of the reference pictures
is indicated for inter prediction. The location of the prediction block is coded as motion vector that indicates the position
of the prediction block compared to the block being coded. In order to represent motion vectors efficiently those may be
coded differentially with respect to block specific predicted motion vectors. In many video codecs the predicted motion
vectors are created in a predefined way, for example by calculating the median of the encoded or decoded motion
vectors of the adjacent blocks. Another way to create motion vector predictions is to generate a list of candidate predictions
from adjacent blocks and/or co-located blocks in temporal reference pictures and signalling the chosen candidate as
the motion vector predictor. In addition to predicting the motion vector values, the reference index of previously cod-
ed/decoded picture can be predicted. The reference index may be predicted from adjacent blocks and/or from co-located
blocks in a temporal reference picture. Moreover, many high efficiency video codecs employ an additional motion infor-
mation coding/decoding mechanism, often called merging/merge mode, where all the motion field information, which
includes motion vector and corresponding reference picture index for each available reference picture list, is predicted
and used without any modification/correction. Similarly, predicting the motion field information is carried out using the
motion field information of adjacent blocks and/or co-located blocks in temporal reference pictures and the used motion
field information is signalled among a list of motion field candidate list filled with motion field information of available
adjacent/co-located blocks.
[0085] Inter prediction process may be characterized using one or more of the following factors.
[0086] The accuracy of motion vector representation. For example, motion vectors may be of quarter-pixel accuracy,
and sample values in fractional-pixel positions may be obtained using a finite impulse response (FIR) filter.
[0087] Block partitioning for inter prediction. Many coding standards, including H.264/AVC and HEVC, allow selection
of the size and shape of the block for which a motion vector is applied for motion-compensated in the encoder, and
indicating the selected size and shape in the bitstream so that decoders can reproduce the motion-compensated prediction
done in the encoder.
[0088] Number of reference pictures for inter prediction. The sources of inter prediction are previously decoded pictures.
Many coding standards, including H.264/AVC and HEVC, enable storage of multiple reference pictures for inter prediction
and selection of the used reference picture on block basis. For example, reference pictures may be selected on macroblock
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or macroblock partition basis in H.264/AVC and on PU or CU basis in HEVC. Many coding standards, such as H.264/AVC
and HEVC, include syntax structures in the bitstream that enable decoders to create one or more reference picture lists.
A reference picture index to a reference picture list may be used to indicate which one of the multiple reference pictures
is used for inter prediction for a particular block. A reference picture index may be coded by an encoder into the bitstream
is some inter coding modes or it may be derived (by an encoder and a decoder) for example using neighboring blocks
in some other inter coding modes.
[0089] Motion vector prediction. In order to represent motion vectors efficiently in bitstreams, motion vectors may be
coded differentially with respect to a block-specific predicted motion vector. In many video codecs, the predicted motion
vectors are created in a predefined way, for example by calculating the median of the encoded or decoded motion
vectors of the adjacent blocks. Another way to create motion vector predictions is to generate a list of candidate predictions
from adjacent blocks and/or co-located blocks in temporal reference pictures and signalling the chosen candidate as
the motion vector predictor. In addition to predicting the motion vector values, the reference index of previously cod-
ed/decoded picture can be predicted. The reference index is typically predicted from adjacent blocks and/or or co-located
blocks in temporal reference picture. Differential coding of motion vectors is typically disabled across slice boundaries.
[0090] Multi-hypothesis motion-compensated prediction. H.264/AVC and HEVC enable the use of a single prediction
block in P slices (herein referred to as uni-predictive slices) or a linear combination of two motion-compensated prediction
blocks for bi-predictive slices, which are also referred to as B slices. Individual blocks in B slices may be bi-predicted,
uni-predicted, or intra-predicted, and individual blocks in P or slices may be uni-predicted or intra-predicted. The reference
pictures for a bi-predictive picture are not limited to be the subsequent picture and the previous picture in output order,
but rather any reference pictures can be used. In many coding standards, such as H.264/AVC and HEVC, one reference
picture list, referred to as reference picture list 0, is constructed for P slices, and two reference picture lists, list 0 and
list 1, are constructed for B slices. For B slices, when prediction in forward direction may refer to predicting from a
reference picture in reference picture list 0, and prediction in backward direction may refer to predicting from a reference
picture in reference picture list 1, even though the reference pictures for prediction may have any decoding or output
order relation to each other or to the current picture.
[0091] Weighted prediction. Many coding standards use a prediction weight of 1 for prediction blocks of inter (P)
pictures and 0.5 for each prediction block of a B picture (resulting into averaging). H.264/AVC allows weighted prediction
for both P and B slices. In implicit weighted prediction, the weights are proportional to picture order counts, while in
explicit weighted prediction, prediction weights are explicitly indicated.
[0092] In many video codecs the prediction residual after motion compensation is first transformed with a transform
kernel (like DCT) and then coded. The reason for this is that often there still exists some correlation among the residual
and transform can in many cases help reduce this correlation and provide more efficient coding.
[0093] In a draft HEVC, each PU has prediction information associated with it defining what kind of a prediction is to
be applied for the pixels within that PU (e.g. motion vector information for inter predicted PUs and intra prediction
directionality information for intra predicted PUs). Similarly each TU is associated with information describing the pre-
diction error decoding process for the samples within the said TU (including e.g. DCT coefficient information). It is typically
signalled at CU level whether prediction error coding is applied or not for each CU. In the case there is no prediction
error residual associated with the CU, it can be considered there are no TUs for the said CU.
[0094] Many syntax element in video coding standards, such as H.264/AVC and HEVC, are entropy-coded in the
encoder and entropy-decoded in the decoder. The entropy coding may be done for example using context adaptive
binary arithmetic coding (CABAC), context-based variable length coding, Huffman coding, or any similar entropy coding.
[0095] Many video encoders utilize the Lagrangian cost function to find rate-distortion optimal coding modes, for
example the desired macroblock mode and associated motion vectors. This type of cost function uses a weighting factor
or λ to tie together the exact or estimated image distortion due to lossy coding methods and the exact or estimated
amount of information required to represent the pixel/sample values in an image area. The Lagrangian cost function
may be represented by the equation: 

where C is the Lagrangian cost to be minimised, D is the image distortion (for example, the mean-squared error between
the pixel/sample values in original image block and in coded image block) with the mode and motion vectors currently
considered, λ is a Lagrangian coefficient and R is the number of bits needed to represent the required data to reconstruct
the image block in the decoder (including the amount of data to represent the candidate motion vectors).
[0096] In some coding formats and codecs, a distinction is made between so-called short-term and long-term reference
pictures. This distinction may affect some decoding processes such as motion vector scaling in the temporal direct mode
or implicit weighted prediction. If both of used reference pictures for the temporal direct mode are short-term reference
pictures, the motion vector used in the prediction may be scaled according to the POC difference between the current
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picture and each of the reference pictures. However, if at least one reference picture for the temporal direct mode is a
long-term reference picture, default scaling of the motion vector is used, for example scaling the motion to half may be
used. Similarly, if a short-term reference picture is used for implicit weighted prediction, the prediction weight may be
scaled according to the POC difference between the POC of the current picture and the POC of the reference picture.
However, if a long-term reference picture is used for implicit weighted prediction, a default prediction weight may be
used, such as 0.5 in implicit weighted prediction for bi-predicted blocks.
[0097] Some video coding formats, such as H.264/AVC, include the frame_num syntax element, which is used for
various decoding processes related to multiple reference pictures. In H.264/AVC, the value of frame_num for IDR pictures
is 0. The value of frame _num for non-IDR pictures is equal to the frame_num of the previous reference picture in
decoding order incremented by 1 (in modulo arithmetic, i.e., the value of frame_num wrap over to 0 after a maximum
value of frame_num).
[0098] H.264/AVC and HEVC include a concept of picture order count (POC). A value of POC is derived for each
picture and is non-decreasing with increasing picture position in output order. POC therefore indicates the output order
of pictures. POC may be used in the decoding process for example for implicit scaling of motion vectors in the temporal
direct mode of bi-predictive slices, for implicitly derived weights in weighted prediction, and for reference picture list
initialization. Furthermore, POC may be used in the verification of output order conformance. In H.264/AVC, POC is
specified relative to the previous IDR picture or a picture containing a memory management control operation marking
all pictures as "unused for reference".
[0099] H.264/AVC specifies the process for decoded reference picture marking in order to control the memory con-
sumption in the decoder. The maximum number of reference pictures used for inter prediction, referred to as M, is
determined in the sequence parameter set. When a reference picture is decoded, it is marked as "used for reference".
If the decoding of the reference picture caused more than M pictures marked as "used for reference", at least one picture
is marked as "unused for reference". There are two types of operation for decoded reference picture marking: adaptive
memory control and sliding window. The operation mode for decoded reference picture marking is selected on picture
basis. The adaptive memory control enables explicit signaling which pictures are marked as "unused for reference" and
may also assign long-term indices to short-term reference pictures. The adaptive memory control requires the presence
of memory management control operation (MMCO) parameters in the bitstream. If the sliding window operation mode
is in use and there are M pictures marked as "used for reference", the short-term reference picture that was the first
decoded picture among those short-term reference pictures that are marked as "used for reference" is marked as "unused
for reference". In other words, the sliding window operation mode results into first-in-first-out buffering operation among
short-term reference pictures.
[0100] One of the memory management control operations in H.264/AVC causes all reference pictures except for the
current picture to be marked as "unused for reference". An instantaneous decoding refresh (IDR) picture contains only
intra-coded slices and causes a similar "reset" of reference pictures.
[0101] In a draft HEVC standard, reference picture marking syntax structures and related decoding processes are not
used, but instead a reference picture set (RPS) syntax structure and decoding process are used instead for a similar
purpose. A reference picture set valid or active for a picture includes all the reference pictures used as reference for the
picture and all the reference pictures that are kept marked as "used for reference" for any subsequent pictures in decoding
order. There are six subsets of the a reference picture set, which are referred to as namely RefPicSetStCurr0,
RefPicSetStCurr1, RefPicSetStFoll0, RefPicSetStFoll1, RefPicSetLtCurr, and RefPicSetLtFoll. The notation of the six
subsets is as follows. "Curr" refers to the reference pictures that are included in the reference picture lists of the current
picture and hence may be used as inter prediction reference for the current picture. "Foll" refers to reference pictures
that are not included in the reference picture lists of the current picture but may be used in subsequent pictures in
decoding order as reference pictures. "St" refers to short-term reference pictures, which may generally be identified
through a certain number of least significant bits of their POC value. "Lt" refers to long-term reference pictures, which
are specifically identified and generally have a greater difference of POC values relative to the current picture than what
can be represented by the mentioned certain number of least significant bits. "0" refers to those reference pictures that
have a smaller POC value than that of the current picture. "1" refers to those reference pictures that have a greater POC
value than that of the current picture. RefPicSetStCurr0, RefPicSetStCurr1, RefPicSetStFoll0 and RefPicSetStFoll1 are
collectively referred to as the short-term subset of the reference picture set. RefPicSetLtCurr and RefPicSetLtFoll are
collectively referred to as the long-term subset of the reference picture set.
[0102] In HEVC, a reference picture set may be specified in a sequence parameter set and taken into use in the slice
header through an index to the reference picture set. A reference picture set may also be specified in a slice header. A
long-term subset of a reference picture set is generally specified only in a slice header, while the short-term subsets of
the same reference picture set may be specified in the picture parameter set or slice header. A reference picture set
may be coded independently or may be predicted from another reference picture set (known as inter-RPS prediction).
When a reference picture set is independently coded, the syntax structure includes up to three loops iterating over
different types of reference pictures; short-term reference pictures with lower POC value than the current picture, short-
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term reference pictures with higher POC value than the current picture and long-term reference pictures. Each loop
entry specifies a picture to be marked as "used for reference". In general, the picture is specified with a differential POC
value. The inter-RPS prediction exploits the fact that the reference picture set of the current picture can be predicted
from the reference picture set of a previously decoded picture. This is because all the reference pictures of the current
picture are either reference pictures of the previous picture or the previously decoded picture itself. It is only necessary
to indicate which of these pictures should be reference pictures and be used for the prediction of the current picture. In
both types of reference picture set coding, a flag (used_by_curr_pic_X_flag) is additionally sent for each reference
picture indicating whether the reference picture is used for reference by the current picture (included in a *Curr list) or
not (included in a *Foll list). Pictures that are included in the reference picture set used by the current slice are marked
as "used for reference", and pictures that are not in the reference picture set used by the current slice are marked as
"unused for reference". If the current picture is an IDR picture, RefPicSetStCurr0, RefPicSetStCurr1, RefPicSetStFoll0,
RefPicSetStFoll1, RefPicSetLtCurr, and RefPicSetLtFoll are all set to empty.
[0103] A Decoded Picture Buffer (DPB) may be used in the encoder and/or in the decoder. There are two reasons to
buffer decoded pictures, for references in inter prediction and for reordering decoded pictures into output order. As
H.264/AVC and HEVC provide a great deal of flexibility for both reference picture marking and output reordering, separate
buffers for reference picture buffering and output picture buffering may waste memory resources. Hence, the DPB may
include a unified decoded picture buffering process for reference pictures and output reordering. A decoded picture may
be removed from the DPB when it is no longer used as reference and needed for output.
[0104] In many coding modes of H.264/AVC and HEVC, the reference picture for inter prediction is indicated with an
index to a reference picture list. The index may be coded with variable length coding, which usually causes a smaller
index to have a shorter value for the corresponding syntax element. In H.264/AVC and HEVC, two reference picture
lists (reference picture list 0 and reference picture list 1) are generated for each bi-predictive (B) slice, and one reference
picture list (reference picture list 0) is formed for each inter-coded (P) slice. In addition, for a B slice in HEVC, a combined
list (List C), also referred to as the merge list, is constructed after the final reference picture lists (List 0 and List 1) have
been constructed. The combined list may be used for uni-prediction (also known as uni-directional prediction) within B
slices.
[0105] A reference picture list, such as reference picture list 0 and reference picture list 1, is typically constructed in
two steps: First, an initial reference picture list is generated. The initial reference picture list may be generated for example
on the basis of frame_num, POC, temporal_id, or information on the prediction hierarchy such as GOP structure, or any
combination thereof. Second, the initial reference picture list may be reordered by reference picture list reordering (RPLR)
commands, also known as reference picture list modification syntax structure, which may be contained in slice headers.
The RPLR commands indicate the pictures that are ordered to the beginning of the respective reference picture list.
This second step may also referred to as the reference picture list modification process, and the RPLR commands may
be included in a reference picture list modification syntax structure. If reference picture sets are used, the reference
picture list 0 may be initialized to contain RefPicSetStCurr0 first, followed by RefPicSetStCurr1, followed by RefPicSetLt-
Curr. Reference picture list 1 may be initialized to contain RefPicSetStCurr1 first, followed by RefPicSetStCurr0. The
initial reference picture lists may be modified through the reference picture list modification syntax structure, where
pictures in the initial reference picture lists may be identified through an entry index to the list.
[0106] Since multiview video provides encoders and decoders the possibility to utilize inter-view redundancy, decoded
inter-view frames may be included in the reference picture list(s) as well.
[0107] The combined list in HEVC may be constructed as follows. If the modification flag for the combined list is zero,
the combined list is constructed by an implicit mechanism; otherwise it is constructed by reference picture combination
commands included in the bitstream. In the implicit mechanism, reference pictures in List C are mapped to reference
pictures from List 0 and List 1 in an interleaved fashion starting from the first entry of List 0, followed by the first entry of
List 1 and so forth. Any reference picture that has already been mapped in List C is not mapped again. In the explicit
mechanism, the number of entries in List C is signaled, followed by the mapping from an entry in List 0 or List 1 to each
entry of List C. In addition, when List 0 and List 1 are identical the encoder has the option of setting the
ref_pic_list_combination_flag to 0 to indicate that no reference pictures from List 1 are mapped, and that List C is
equivalent to List 0.
[0108] Typical high efficiency video codecs such as a draft HEVC codec employ an additional motion information
coding/decoding mechanism, often called merging/merge mode/process/mechanism, where all the motion information
of a block/PU is predicted and used without any modification/correction. The aforementioned motion information for a
PU comprises 1) The information whether ’the PU is uni-predicted using only reference picture list0’ or ’the PU is uni-
predicted using only reference picture list1’ or ’the PU is bi-predicted using both reference picture list0 and list1’ 2) Motion
vector value corresponding to the reference picture list0 3) Reference picture index in the reference picture list0 4) Motion
vector value corresponding to the reference picture list1 5) Reference picture index in the reference picture list1. Similarly,
predicting the motion information is carried out using the motion information of adjacent blocks and/or co-located blocks
in temporal reference pictures. Typically, a list, often called as merge list, is constructed by including motion prediction
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candidates associated with available adjacent/co-located blocks and the index of selected motion prediction candidate
in the list is signalled. Then the motion information of the selected candidate is copied to the motion information of the
current PU. When the merge mechanism is employed for a whole CU and the prediction signal for the CU is used as
the reconstruction signal, i.e. prediction residual is not processed, this type of coding/decoding the CU is typically named
as skip mode or merge based skip mode. In addition to the skip mode, the merge mechanism is also employed for
individual PUs (not necessarily the whole CU as in skip mode) and in this case, prediction residual may be utilized to
improve prediction quality. This type of prediction mode is typically named as inter-merge mode.
[0109] A syntax structure for reference picture marking may exist in a video coding system. For example, when the
decoding of the picture has been completed, the decoded reference picture marking syntax structure, if present, may
be used to adaptively mark pictures as "unused for reference" or "used for long-term reference". If the decoded reference
picture marking syntax structure is not present and the number of pictures marked as "used for reference" can no longer
increase, a sliding window reference picture marking may be used, which basically marks the earliest (in decoding order)
decoded reference picture as unused for reference.
[0110] Motion vector (MV) prediction specified in H.264/AVC and its MVC extension utilizes correlation which may be
present in neighboring blocks of the same image (spatial correlation) or in the previously coded image (temporal corre-
lation). Figure 7a shows the spatial neighborhood of the currently coded block (cb) and Figure 7b shows the temporal
neighborhood of the currently coded block which serves as a candidate for a motion vector prediction in H.264/AVC.
[0111] Motion vectors of the current block cb may be estimated through the motion estimation and motion compensation
process and may be coded with differential pulse code modulation (DPCM) and transmitted in the form of the residual
between the motion vector prediction (MVp) and the actual motion vector MV as MVd(x, y) = MV(x, y) -MVp(x, y).
[0112] A median value of the motion vectors of the macroblock partitions or subpartitions immediately above (block
B), diagonally above and to the right (block C), and immediately left (block A) of the current partition or sub-partition may
be computed.
[0113] In some embodiments the motion vector prediction MVp estimation may be specified as following:
When only one of the spatial neighboring blocks (A,B,C) has identical reference index as the current block, then 

[0114] When more than one or no neighboring blocks (A,B,C) have identical reference index as the current block, then 

where mvLXA, mvLXB, mvLXC are motion vectors (without reference frame id) of the spatially neighboring blocks.
[0115] In some situations a P_SKIP mode or a B_SKIP mode may be utilized. In the P_SKIP mode a reference frame
index of the current block is always 0 and the list which is utilized is the first list 0 (refldxLO = 0). Motion vectors are
estimated by only using the blocks immediately left (block A) and immediately above (block B) of the current block. If
the block immediately left and immediately above do not exist a zero-value motion vector prediction MVp is selected.
Since no MV=MVp in P_SKIP mode, no motion vector difference dMV is transmitted.
[0116] In the B_SKIP mode two motion vector prediction estimation processes may be utilized: a spatial direct mode
in which motion vector prediction is computed from spatial neighboring blocks as illustrated in Figure 7a; or a temporal
direct mode in which motion vector prediction is computed from temporal neighboring blocks as illustrated in Figure 8b.
[0117] The motion vector prediction process includes estimation of the following values:

a. reference indices refIdxL0, refIdxL1
b. motion vectors mvL0 and mvL1.

[0118] In the spatial direct mode the process of reference index prediction and motion vector prediction is run inde-
pendently for both reference picture lists (Reference Picture List 0, Reference Picture List 1). The minimal positive
reference index is selected in each of lists and a motion vector prediction process is applied for each reference picture
list to produce mvpL0 and mvpL1.
[0119] Each component of the motion vector prediction mvpLX is given by the median of the corresponding vector
components of the motion vector mvLXA, mvLXB, and mvLXC:
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[0120] In the temporal direct mode the motion vectors of the current block to the list 0 and list 1 may be calculated
through temporal interpolation of motion vectors from neighboring (in temporal direction) blocks. The picture order count
(POC) distance from the current frame to the referenced frame may be utilized as a factor of interpolation. 

where TDb is the picture order count distance between the current frame and the reference frame in list0; TDd is the
picture order count distance between referenced frames in list0 and list1; and MVc is the motion vector of the co-located
block from the reference picture list0.
[0121] Next, for better understanding the embodiments of the invention, some aspects of three-dimensional (3D)
multiview applications and the concepts of depth and disparity information closely related thereto are described briefly.
[0122] Stereoscopic video content consists of pairs of offset images that are shown separately to the left and right eye
of the viewer. These offset images are captured with a specific stereoscopic camera setup and it assumes a particular
stereo baseline distance between cameras.
[0123] Figure 1 shows a simplified 2D model of such stereoscopic camera setup. In Fig. 1, C1 and C2 refer to cameras
of the stereoscopic camera setup, more particularly to the center locations of the cameras, b is the distance between
the centers of the two cameras (i.e. the stereo baseline), f is the focal length of the cameras and X is an object in the
real 3D scene that is being captured. The real world object X is projected to different locations in images captured by
the cameras C1 and C2, these locations being x1 and x2 respectively. The horizontal distance between x1 and x2 in
absolute coordinates of the image is called disparity. The images that are captured by the camera setup are called
stereoscopic images, and the disparity presented in these images creates or enhances the illusion of depth. For enabling
the images to be shown separately to the left and right eye of the viewer, specific 3D glasses may be required to be
used by the viewer. Adaptation of the disparity is a key feature for adjusting the stereoscopic video content to be
comfortably viewable on various displays.
[0124] However, disparity adaptation is not a straightforward process. It requires either having additional camera views
with different baseline distance (i.e., b is variable) or rendering of virtual camera views which were not available in real
world. Figure 2 shows a simplified model of such multiview camera setup that suits to this solution. This setup is able
to provide stereoscopic video content captured with several discrete values for stereoscopic baseline and thus allow
stereoscopic display to select a pair of cameras that suits to the viewing conditions.
[0125] A more advanced approach for 3D vision is having a multiview autostereoscopic display (ASD) 300 that does
not require glasses. The ASD emits more than one view at a time but the emitting is localized in the space in such a
way that a viewer sees only a stereo pair from a specific viewpoint, as illustrated in Figure 3, wherein the house is seen
in the middle of the view when looked at the right-most viewpoint. Moreover, the viewer is able see another stereo pair
from a different viewpoint, e.g. in Fig. 3 the house is seen at the right border of the view when looked at the left-most
viewpoint. Thus, motion parallax viewing is supported if consecutive views are stereo pairs and they are arranged
properly. The ASD technologies may be capable of showing for example 52 or more different images at the same time,
of which only a stereo pair is visible from a specific viewpoint. This supports multiuser 3D vision without glasses, for
example in a living room environment.
[0126] The above-described stereoscopic and ASD applications require multiview video to be available at the display.
The MVC extension of H.264/AVC video coding standard allows the multiview functionality at the decoder side. The
base view of MVC bitstreams can be decoded by any H.264/AVC decoder, which facilitates introduction of stereoscopic
and multiview content into existing services. MVC allows inter-view prediction, which can result into significant bitrate
saving compared to independent coding of all views, depending on how correlated the adjacent views are. However,
the bitrate of MVC coded video is typically proportional to the number of views. Considering that ASD may require 52
views, for example, as input, the total bitrate for such number of views will challenge the constraints of the available
bandwidth.
[0127] Consequently, it has been found that a more feasible solution for such multiview application is to have a limited
number of input views, e.g. a mono or a stereo view plus some supplementary data, and to render (i.e. synthesize) all
required views locally at the decoder side. From several available technologies for view rendering, depth image-based
rendering (DIBR) has shown to be a competitive alternative.
[0128] A simplified model of a DIBR-based 3DV system is shown in Figure 4. The input of a 3D video codec comprises
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a stereoscopic video and corresponding depth information with stereoscopic baseline b0. Then the 3D video codec
synthesizes a number of virtual views between two input views with baseline (bi < b0). DIBR algorithms may also enable
extrapolation of views that are outside the two input views and not in between them. Similarly, DIBR algorithms may
enable view synthesis from a single view of texture and the respective depth view. However, in order to enable DIBR-
based multiview rendering, texture data should be available at the decoder side along with the corresponding depth data.
[0129] In such 3DV system, depth information is produced at the encoder side in a form of depth pictures (also known
as depth maps) for each video frame. A depth map is an image with per-pixel depth information. Each sample in a depth
map represents the distance of the respective texture sample from the plane on which the camera lies. In other words,
if the z axis is along the shooting axis of the cameras (and hence orthogonal to the plane on which the cameras lie), a
sample in a depth map represents the value on the z axis.
[0130] Depth information can be obtained by various means. For example, depth of the 3D scene may be computed
from the disparity registered by capturing cameras. A depth estimation algorithm takes a stereoscopic view as an input
and computes local disparities between the two offset images of the view. Each image is processed pixel by pixel in
overlapping blocks, and for each block of pixels a horizontally localized search for a matching block in the offset image
is performed. Once a pixel-wise disparity is computed, the corresponding depth value z is calculated by equation (3): 

 where f is the focal length of the camera and b is the baseline distance between cameras, as shown in Figure 1. Further,
d refers to the disparity observed between the two cameras, and the camera offset Δd reflects a possible horizontal
misplacement of the optical centers of the two cameras.
[0131] Alternatively, or in addition to the above-described stereo view depth estimation, the depth value may be
obtained using the time-of-flight (TOF) principle. Figures 5 and 6 show an example of a TOF-based depth estimation
system. The camera is provided with a light source, for example an infrared emitter, for illuminating the scene. Such an
illuminator may be arranged to produce an intensity modulated electromagnetic emission for a frequency between e.g.
10-100 MHz, which may require LEDs or laser diodes to be used. Infrared light is typically used to make the illumination
unobtrusive. The light reflected from objects in the scene is detected by an image sensor, which is modulated synchro-
nously at the same frequency as the illuminator. The image sensor is provided with optics; a lens gathering the reflected
light and an optical bandpass filter for passing only the light with the same wavelength as the illuminator, thus helping
to suppress background light. The image sensor measures for each pixel the time the light has taken to travel from the
illuminator to the object and back. The distance to the object is represented as a phase shift in the illumination modulation,
which can be determined from the sampled data simultaneously for each pixel in the scene.
[0132] In the case of depth-enhanced multiview coding, the view synthesis can be utilized in an encoding loop of the
encoder and in the decoding loop of the decoder, thus providing a view synthesis prediction (VSP). A view synthesis
picture (a reference component) may be synthesized from coded texture views and depth views and may contain samples
that may be used for the view synthesis prediction. A view synthesis picture may also be referred to as synthetic reference
component, which may be defined to contain samples that may be used for view synthesis prediction. A synthetic
reference component may be used as reference picture for view synthesis prediction but is typically not output or
displayed. A view synthesis picture is typically generated for the same camera location assuming the same camera
parameters as for the picture being coded or decoded. An example of the encoding loop is depicted in Figure 8.
[0133] Inputs of an example process for deriving a view synthesis picture are a decoded luma component of the texture
view component srcPicY, two chroma components srcPicCb and srcPicCr upsampled to the resolution of srcPicY, and
a depth picure DisPic.
[0134] Output of an example process for deriving a view synthesis picture is a sample array of a synthetic reference
component vspPic which is produced through disparity-based warping, which can be illustrated with the following pseudo
code:

        for(j = 0; j < PicHeigh ; j++) {
               for(i = 0; i < PicWidth; i++) {
                        dX = Disparity(DisPic(j,i));
                        outputPicY[i+dX, j] = srcTexturePicY[i, j];
                        if(chroma_format_idc = = 1) {
                            outputPicCb[i+dX, j] = normTexturePicCb[i, j]
                            outputPicCr[i+dX, j] = normTexturePicCr[i, j]
       }}}
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where the function "Disparity()" converts a depth map value at a spatial location i,j to a disparity value dX, PicHeigh is
the height of the picture, PicWidth is the width of the picture, srcTexturePicY is the source texture picture, outputPicY
is the Y component of the output picture, outputPicCb is the Cb component of the output picture, and outputPicCr is the
Cr component of the output picture.
[0135] Disparity is computed taking into consideration camera settings, such as translation between two views b,
camera’s focal length f and parameters of depth map representation (Znear, Zfar) as shown below. 

[0136] The vspPic picture resulting from the above described process may feature various warping artifacts, such as
holes and/or occlusions and to suppress those artifacts, various post-processing operations, such as hole filling, may
be applied.
[0137] However, these operations may be avoided to reduce computational complexity, since a view synthesis picture
vspPic is utilized for a reference pictures for prediction and may not be outputted to a display.
[0138] The synthesized picture {outputPicY, outputPicCb , outputPicCr} may be introduced in the reference picture
list in a similar way as is done with inter-view reference pictures. Signaling and operations with reference picture list in
the case of view synthesis prediction may remain identical or similar to those specified in H.264/AVC or HEVC.
[0139] Similarly, processes of motion information derivation and their applications in view synthesis prediction may
remain identical or similar to processes specified for inter and inter-view prediction of H.264/AVC or HEVC.
[0140] Introducing view synthesis prediction in 3D video encoding/decoding processes may not affect such low level
operations as motion information signaling and decoding, any thus may enable preserving low-level compatibility with
the existing H.264/AVC or HEVC coding standard.
[0141] Scalable video coding refers to a coding structure where one bitstream can contain multiple representations
of the content at different bitrates, resolutions and/or frame rates. In these cases the receiver can extract the desired
representation depending on its characteristics (e.g. resolution that matches best with the resolution of the display of
the device). Alternatively, a server or a network element can extract the portions of the bitstream to be transmitted to
the receiver depending on e.g. the network characteristics or processing capabilities of the receiver. A scalable bitstream
may consist of a base layer providing the lowest quality video available and one or more enhancement layers that
enhance the video quality when received and decoded together with the lower layers. In order to improve coding efficiency
for the enhancement layers, the coded representation of that layer may depend on the lower layers. For example, the
motion and mode information of the enhancement layer can be predicted from lower layers. Similarly the pixel data of
the lower layers can be used to create prediction for the enhancement layer(s).
[0142] A scalable video encoder for quality scalability (also known as Signal-to-Noise or SNR) and/or spatial scalability
may be implemented as follows. For a base layer, a conventional non-scalable video encoder and decoder may be used.
The reconstructed/decoded pictures of the base layer are included in the reference picture buffer and/or reference picture
lists for an enhancement layer. In case of spatial scalability, the reconstructed/decoded base-layer picture may be
upsampled prior to its insertion into the reference picture lists for an enhancement-layer picture. The base layer decoded
pictures may be inserted into a reference picture list(s) for coding/decoding of an enhancement layer picture similarly
to the decoded reference pictures of the enhancement layer. Consequently, the encoder may choose a base-layer
reference picture as an inter prediction reference and indicate its use with a reference picture index in the coded bitstream.
The decoder decodes from the bitstream, for example from a reference picture index, that a base-layer picture is used
as an inter prediction reference for the enhancement layer. When a decoded base-layer picture is used as the prediction
reference for an enhancement layer, it is referred to as an inter-layer reference picture.
[0143] While example embodiments are described with two scalability layers with an enhancement layer and a base
layer, it needs to be understood that embodiments can be generalized to any two layers in a scalability hierarchy with
more than two layers. In this case, a second enhancement layer may depend on a first enhancement layer in encoding
and/or decoding processes, and the first enhancement layer may therefore be regarded as the base layer for the encoding
and/or decoding of the second enhancement layer. Furthermore, it needs to be understood that there may be inter-layer
reference pictures from more than one layer in a reference picture buffer or reference picture lists of an enhancement
layer, and each of these inter-layer reference pictures may be considered to reside in a base layer or a reference layer
for the enhancement layer being encoded and/or decoded.
[0144] Motion vectors used in the motion compensation may be coded differentially utilizing the motion information of
surrounding prediction units. This kind of derivation process does not consider the statistical characteristics of the motion
vectors in the context of certain prediction structures. For example, if a scalable video coding utilizes a base layer picture
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as a prediction candidate for an enhancement layer, the motion vector field may be very different from traditional motion
vector fields pointing to pictures at different time instants. In another example related to 3D video coding, a source video
may be produced with a parallel camera arrangements and input multiview video data is rectified to avoid misalignment
of camera geometry and colors. Under these circumstances, a model of uniform probability of displacements +/- N along
x and y axis which suits well for bi-directional temporal prediction may not be optimal for describing displacement in the
inter-view reference component. In depth-enhanced 3D video coding, a view synthesis prediction reference component
is typically aligned with the picture being coded/decoded, and hence a spatially neighboring motion vector pointing to a
reference picture at a different time instant is not likely to be a good prediction for the motion vector pointing to a view
synthesis prediction reference component.
[0145] For example, H.264/AVC specifies that vertical motion vector components range can be up-to [-512, 511.75],
whereas horizontal motion vector components can belong to another range [-2048 to 2047.75]. These specifications
impose certain requirements on computation platform which performs decoding as well as memory access. Relaxing of
these requirements is desirable.
[0146] In the case of inter-view prediction and rectified input videos a displacement component mv_y is likely to be
close to 0, as cameras are geometrically rectified and the same object is expected to be present at the same vertical y-
coordinates in all available views. The displacement in horizontal direction (x-axis) is likely to be close to a disparity
value +/- n with some sub-pixel offsets. Thus, statistical assumption on motion vectors utilized in the conventional video
coding systems such as H.264/AVC does not reflect actual motion vector statistics observed in inter-view prediction of
H.264/MVC.
[0147] In the case of view synthesis prediction and under assumption of high quality depth maps, a displacement of
motion vector components (mv_y and mv_x) are expected to be close to 0,0 with some sub-pixel offset +/- n, which may
be produced by inaccuracy of the depth maps or view synthesis prediction processing. Thus, statistical assumption on
motion vectors utilized in the conventional video coding systems such as H.264/AVC does not reflect actual motion
vector statistics observed in view synthesis prediction of 3D video coding.
[0148] When an inter-layer reference picture is used for (de)coding an enhancement layer block, both motion vector
components are expected to be 0. This is based on the assumption that the enhancement layer block may be predicted
on the basis of co-located blocks on the base layer and possibly on some other lower layers. Thus, the motion vector
may be regarded as pointing to the same location on a different layer. If spatial scalability is used, the base layer reference
picture is assumed to be first upsampled to the resolution of the enhancement layer prior to inserting the base layer
reference picture into a reference picture list of the enhancement layer.
[0149] Motion vector components resulting from the motion encoding may be differentially coded with a predicted
motion vector (MVP). In some encoders this differential value is coded with CABAC and updates the CABAC contexts
itself.
[0150] However, in H.264/AVC the CABAC initialization is designed on the assumption of uniform probability of dis-
placements +/- N along x and y axis for motion vectors, which may not be optimal for inter-view prediction, view synthesis
prediction, and inter-layer prediction.
[0151] A decoder may extract motion vector components from decoded bitstreams through a specified set of operations.
These operations may include CABAC bits decoding, differential decoding of motion vectors, clipping resulting motion
vectors to confirm that resulting motion vectors belong to a certain range (e.g. within coded frames limits). In addition
to this, the decoder may perform reference frame interpolation in the case the resulting motion vectors point to a sub-
pixel location in the reference frame.
[0152] In the case of view synthesis based prediction and inter-layer prediction both horizontal and vertical motion
vector components (mv_x and mv_y), and in the case of inter-view prediction vertical motion vector component (mv_y)
are most probably equal to zero. However, the decoder should be prepared for the worst-case complexity, i.e. sub-pixel
motion vectors requiring the operations explained above. It should be noted that the decoder shall be able to perform
decoding operations and required interpolation in real-time in order to comply with required levels of specified standard
and a hypothetical reference decoder, even if coded bitstreams would not produce such motion vectors.
[0153] In some encoders motion vectors are predicted with respect to motion vectors of the neighboring blocks (spatial
prediction) or a co-located block in another picture (temporal prediction). The actual motion vector to be used is generated
by adding a differential motion vector (MVd) indicated in the bitstream to the predicted motion vector. There can be
special modes (such as a "skip mode") which omit the decoding of the differential motion vector and use the predicted
motion vector as the final motion vector for a prediction unit.
[0154] The encoder according to some example embodiments of the present invention may include one or more of
the following operations. It should be noted here that similar principles are also applicable at a decoder side for decoding.
[0155] An example of the encoder 800 is depicted in Figure 8 as a simplified block diagram and the operation of the
encoder according to an example embodiment is depicted as a flow diagram in Figure 13. The encoder 800 receives
802 a block of a current frame of a texture view for encoding. The block can also be called as a current block. The current
block is provided to a first combiner 804, such as a subtracting element, and to the motion estimator 806. The motion
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estimator 806 has access to a frame buffer 812 storing previously encoded frame(s) or the motion estimator 806 may
be provided by other means one or more blocks of one or more previously encoded frames. The motion estimator 806
examines which of the one or more previously coded blocks might provide a good basis for using the block as a prediction
reference for the current block. If an appropriate prediction reference has been found, the motion estimator 806 calculates
a motion vector which indicates where the selected block is located in the reference frame with respect to the location
of the current block in the current frame. The motion vector information may be encoded by a first entropy encoder 814.
Information of the prediction reference is also provided to the motion predictor 810 which calculates the predicted block.
[0156] The first combiner 804 determines the difference between the current block and the predicted block 808. The
difference may be determined e.g. by calculating difference between pixel values of the current block and corresponding
pixel values of the predicted block. This difference can be called as a prediction error. The prediction error is transformed
by a transform element 816 to a transform domain. The transform may be e.g. a discrete cosine transform (DCT). The
transformed values are quantized by a quantizer 818. The quantized values can be encoded by the second entropy
encoder 820. The quantized values can also be provided to an inverse quantizer 822 which reconstructs the transformed
values. The reconstructed transformed values are then inverse transformed by an inverse transform element 824 to
obtain reconstructed prediction error values. The reconstructed prediction error values are combined by a second com-
biner 826 with the predicted block to obtain reconstructed block values of the current block. The reconstructed block
values are ordered in a correct order by an ordering element 828 and stored into the frame buffer 812.
[0157] In some embodiments the encoder 800 also comprises a view synthesis predictor 830 which may use texture
view frames of one or more other views 832 and depth information 834 (e.g. the depth map) to synthesize other views
836 on the basis of e.g. two different views captured by two different cameras. The other texture view frames 832 and/or
the synthesized views 836 may also be stored to the frame buffer 812 so that the motion estimator 806 may use the
other views and/or synthesized views in selecting a prediction reference for the current block. In some cases (e.g. for
particular types of reference pictures), the encoder may define the set of valid motion vector component values to be
empty, in which case the encoding of syntax element(s) related to the motion vector component may be omitted and
the value of the motion vector component may be derived in the decoding. In some cases, the encoder may define the
set of valid motion vector component values to be smaller than a normal set of motion vector values for inter prediction,
in which case the entropy coding for the motion vector differences may be changed e.g. by using a different CABAC
context for these motion vector differences than the context for conventional inter prediction motion vectors. The different
CABAC contexts may be used by the first entropy encoder 814 when encoding motion vector information. In some cases,
the likelihood of motion vector values may depend more heavily on the reference picture than on the neighboring motion
vectors (e.g. spatially or temporally) and hence entropy coding may differ from that used for other motion vectors, e.g.
a different initial CABAC context may be used, and/or a different CABAC binarization scheme may be used, and/or a
different context may be maintained and adapted or a non-context-adaptive coding of a syntax element may be used
e.g. based on the type of the reference picture (e.g. view synthesis picture, inter-view reference picture, inter-layer
reference picture, inter/temporal reference picture), and/or the scalability layer of the current picture and reference picture
and/or the view of the current picture and the reference picture and/or any other property of the used reference picture
and potentially the current picture.
[0158] In some embodiments there is provided a mechanism to indicate when the motion vector information is combined
with the indication of the reference picture index. For example, the type of a reference picture may be associated with
each reference picture in each reference picture list. The type of a reference picture may, for example, be a temporal
(inter) reference picture, an inter-view reference, a view synthesis reference picture, or an inter-layer reference picture.
The encoder and the decoder may infer the type for a reference picture and the type may be explicitly indicated by the
encoder in the bitstream. The presence, the entropy coding method, and/or decoding process of the motion vector may
then be inferred from the type or any other property of the reference picture being used for a prediction unit.
[0159] The encoder may encode and the decoder may decode an indication defining which reference picture or pictures
have a fixed motion vector associated with them. The indication may be for example in picture or slice level. The indication
may be inferred from the type of the reference picture (e.g. VSP, inter-view, and inter-layer reference picture), and/or
the scalability layer of the current picture and reference picture and/or the view of the current picture and the reference
picture and/or any other property of the used reference picture and potentially the current picture.
[0160] The decoder may first decode the indication about the reference index associated with the prediction unit. If
that reference index points into a picture with indicated special motion vector field, the motion vector prediction and
differential motion vector decoding processes may be entirely or partly bypassed and/or the context-based entropy
decoding process may differ from that of conventional motion vectors. Furthermore, if differential motion vector coding
has been entirely or partly bypassed, a motion vector is derived with a special process for the prediction unit.
[0161] Motion vector components utilized for view synthesis based prediction, inter-view prediction, and inter-layer
prediction may be restricted in their applicability range, which define a set of syntax elements and a set of decoding
operations. For example, the value range and/or the precision of motion vector components or motion vector component
differences relative to prediction values may be restricted. Furthermore, in some embodiments differential motion vector
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components utilized for view synthesis based prediction, inter-view prediction, and/or inter-layer prediction may have
different initial context compared to differential motion vector components utilized for inter or temporal motion-compen-
sated prediction. Furthermore, in some embodiments differential motion vector components utilized for view synthesis
based prediction, inter-view prediction, and/or inter-layer prediction may be binarized differently for context-based arith-
metic coding and decoding compared to the binarization of differential motion vector components of inter or temporal
motion-compensated prediction.
[0162] When the encoder encodes a block of a frame or a picture, the encoder may determine which reference block
would provide appropriate coding efficiency. The block to be encoded has been input to the encoder which is illustrated
with block 100 in Figure 13. The reference block may belong to the same picture i.e. the prediction would be intra
prediction, to a previous or a succeeding frame than the frame of the current block thus representing inter prediction, to
a synthesized view thus representing a view synthesis prediction, to a frame of a different view thus representing inter-
view prediction, or to a frame of a different layer thus representing inter-layer prediction. Without restricting the scope
of the present invention, intra prediction and inter prediction may also be called as conventional intra prediction and
conventional inter prediction, respectively, in this application.
[0163] When the encoder has selected 102 the reference block for the current block (i.e. the prediction reference) and
determined 104 the type of the reference block, the encoder may insert 122 an indication of the reference block (frame)
into a bitstream. The indication may be or may comprise a reference index and the indication may be interpreted to
represent a type of prediction.
[0164] The operation of the encoder may then depend on the type of prediction. If the type of prediction is the con-
ventional inter prediction, the encoder may then determine the motion vector(s) on the basis of the prediction reference
and determine the difference between the actual motion vector and the motion vector of the prediction reference. This
difference may also be called as a differential motion vector (MVd). The encoder may then encode 120 the motion vector
difference into the bitstream.
[0165] If the type of the prediction is the view synthesis prediction 106 or the inter-layer prediction 114, the encoder
may restrict 108, 116 the horizontal and vertical components of motion vectors mv_x, mv_y within a range [-a,a]. The
range may be pre-determined, e.g. the value of a may be required to be 0, or it may be signaled for example per-sequence
basis e.g. in a sequence parameter set syntax structure. In a general case, the range may also be asymmetric [a,b]
where a≤b and a needs not be equal to b. Moreover, in a general case, the range for the horizontal motion vector
component may differ from that for the respective vertical motion vector component. In that case, the limits for the
horizontal components of motion vectors mv_x, mv_y may be expressed as a first range [a1,b1], and the limits for the
vertical components of motion vectors mv_x, mv_y may be expressed as a second range [a2,b2].
[0166] If the type of the prediction is the inter-view prediction 110, the encoder may restrict 112 the vertical components
mv_y of motion vectors within a range [-a,a]. The range may be pre-determined, e.g. the value of a may be required to
be 0, or it may be signaled for example per-sequence basis e.g. in a sequence parameter set syntax structure. In a
general case, the range may also be asymmetric [a,b] where a≤b and a needs not be equal to b.
[0167] In some embodiments applicable range restrictions (a, b) for motion vectors may be estimated over a large
test set. One possible example is a zero restriction, i.e. a is equal to 0, for both horizontal and vertical motion vector
components of the inter-layer prediction and the view synthesis prediction and for the vertical motion vector component
of the inter-view prediction.
[0168] In some embodiments applicable range restrictions (a, b) for motion vectors the integer part of a motion vector
is restricted to 0 and a sub-pixel part of the motion vector may be unrestricted within the limits of the accuracy of the
representation of the sub-pixel part. Thus, the actual motion vector range may be [-0.75, 0.75] in H.264/AVC and HEVC
based coding systems. If the accuracy were 0.25, the motion vector range would contain the following values in this
example: [-0.75, -0.5, -0.25, 0, 0.25, 0.5, 0.75].
[0169] In some embodiments the precision of motion vectors and motion vector differences for certain types of prediction
or reference pictures (e.g., view synthesis pictures, inter-view reference pictures, and/or inter-layer reference pictures)
may be different from that for inter or temporal reference pictures. For example, the precision of a quarter-pixel (0.25)
may be used for inter or temporal reference pictures, but an integer-pixel precision may be used for view synthesis
reference pictures.
[0170] Context initialization tables may be defined 118 for view synthesis, inter-layer and inter-view predicted motion
vectors to be used by an entropy encoder in an apparatus transmitting video streams and/or by an entropy decoder in
an apparatus receiving video streams. The context and/or initialization value of a CABAC context for motion vectors
may be derived e.g. using a large set of test sequences for which statistics of motion vectors may be computed for
example through encoding.
[0171] In the following, the operation of an example embodiment of a decoder 900 will be described with reference to
Figure 9 and the flow diagram of Figure 14. The decoder 900 receives 200, 902 a bitstream or a part of a bitstream
which contains encoded video information. The encoded video information may contain prediction error values, motion
vectors, reference indices, etc. It should be noted here that all this information need not be included in the same bitstream



EP 2 839 660 B1

24

5

10

15

20

25

30

35

40

45

50

55

but some of the information may be transmitted in different bitstreams using different kinds of syntax elements.
[0172] In the following the decoding relating to the motion vector processing is mainly described and describing other
decoding operations 904 such as reconstruction of blocks is mostly omitted from this specification.
[0173] The decoder 900 may comprise an entropy decoder 906 which decodes received, entropy encoded information.
The decoded information may be provided to a motion vector decoder 908. The motion vector decoder 908 may comprise
a reference type examining element 910 which may examine the decoded information to determine whether a reference
index or another kind of reference indication of the type of the reference for the current block has been included in the
received bitstream. If the reference indication has been received, the reference type examining element 910 may de-
termine 202 the reference type on the basis of the reference indication. If the reference indication has not been received,
the reference type examining element 910 may use other data to determine the reference type.
[0174] The motion vector decoder 908 may further comprise a motion vector reconstructing element 912 which may
reconstruct the motion vector components for the current block.
[0175] If the reference indication indicates that the current block has been predicted using a conventional intra pre-
diction, the current block may be reconstructed 220 by using received prediction error information and information of
previously decoded blocks within the same frame than the current frame. If the indication indicates that the current block
has been predicted using a conventional inter prediction, motion vector information and prediction error information are
decoded and used together with the prediction reference i.e. the block of other, previously decoded frame which the
encoder 800 has used when constructing 220 the prediction reference for the current frame.
[0176] If the reference indication indicates that the current block has been predicted using view synthesis prediction
204, the following operations may be performed by the decoder 900 in some embodiments. The decoder 900 may include
or may have received from the encoder 800 information of the range [-a, b] within which horizontal and vertical motion
vector components are restricted 206. In other words, the decoder is aware that the horizontal and vertical motion vector
components should not have values outside the range [-a, b]. In some embodiments a equals b but as a general case
a need not be equal to b. In some embodiments a=b=0. The decoder also reads syntax elements describing the horizontal
and vertical motion vector components mv_x and mv_y, respectively, and decodes 216 the horizontal and vertical motion
vector components to be used in obtaining 218 the current block. However, if the value of a (and b) equals 0 and the
encoder has not coded differential motion vector components into the bitstream, the decoder 900 does not read the
syntax elements describing the horizontal and vertical motion vector components. Moreover, the decoder can omit
decoding motion vector components. Instead, the decoder can determine that the values of the horizontal and vertical
motion vector components are both zero, i.e. mv_x=mv_y=0. There is also no need to interpolate the reference picture
when a=b=0.
[0177] If the reference indication indicates that the current block has been predicted using inter-view prediction 208,
the following operations may be performed by the decoder 900 in some embodiments. The decoder 900 may include
or may have received from the encoder 800 information of the range [-a, b] within which vertical motion vector components
are restricted 210. In other words, the decoder is aware that the vertical motion vector components should not have
values outside the range [-a, b]. In some embodiments a equals b but as a general case a need not be equal to b. In
some embodiments a=b=0. The decoder also reads syntax elements describing the horizontal and vertical motion vector
components mv_x and mv_y, respectively, and decodes 216 the horizontal and vertical motion vector components to
be used in obtaining 218 the current block. However, if the value of a (and b) equals 0 and the encoder has not coded
differential vertical motion vector component into the bitstream, the decoder 900 does not read the syntax elements
describing the vertical motion vector components but only reads the syntax elements describing the horizontal motion
vector components and decodes the horizontal motion vector components to be used in obtaining the current block.
There is also no need to interpolate the reference picture in the vertical direction when a=b=0.
[0178] If the reference indication indicates that the current block has been predicted using inter-layer prediction 212,
the following operations may be performed by the decoder 900 in some embodiments. The decoder 900 may include
or may have received from the encoder 800 information of the range [-a, b] within which horizontal and vertical motion
vector components are restricted 214. In other words, the decoder is aware that the horizontal and vertical motion vector
components should not have values outside the range [-a, b]. In some embodiments a equals b but as a general case
a need not be equal to b. In some embodiments a=b=0. The decoder also reads syntax elements describing the horizontal
and vertical motion vector components mv_x and mv_y, respectively, and decodes 216 the horizontal and vertical motion
vector components to be used in obtaining 218 the current block. However, if the value of a (and b) equals 0 and the
encoder has not coded differential motion vector components into the bitstream, the decoder 900 does not read the
syntax elements describing the horizontal and vertical motion vector components. Moreover, the decoder can omit
decoding motion vector components. Instead, the decoder can determine that the values of the horizontal and vertical
motion vector components are both zero, i.e. mv_x=mv_y=0. There is also no need to interpolate the reference picture
when a=b=0.
[0179] In cases where motion vector component is not coded into the bitstream, the decoder also skips reading of
syntax element(s) related to the motion vector component. Motion vector components for which no syntax elements are
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present in the bitstream are inferred e.g. using pre-defined default values.
[0180] In cases where a different CABAC context is used for certain reference picture types, the decoder first concludes
the reference picture type for example based on the reference index, then chooses the CABAC context according to the
reference picture type in use for the prediction unit, and finally reads and decodes the differential motion vector compo-
nent(s) from the bitstream using the chosen CABAC context.
[0181] The encoder may encode and the decoder may decode syntax elements determining a fixed motion vector to
be used instead of a motion vector prediction and differentially coded motion vector for conventional inter prediction.
The fixed motion vector syntax elements may for example be in picture or slice level and be coded in and decoded from
e.g. a picture parameter set, an adaptation parameter set, a picture header, or a slice header. The fixed motion vector
syntax elements may concern for example a picture, a slice, a tile, a number of prediction units, determined for example
based on the syntax structure including the fixed motion vector syntax elements or explicit syntax elements such as the
number of prediction units for which the fixed motion vector syntax elements are in force. The encoder may determine
the fixed motion vector for example based on the global disparity for multiview coding, which may be for example a
disparity for those pixels intended to be perceived on the screen level instead of in front of or behind the screen level.
[0182] The encoder may encode and the decoder may decode prediction unit level indication of the reference picture
index associated with the prediction unit. The indication may be a syntax element indicating the reference index or it
may be a syntax element, such as a coding mode, from which the reference index may be derived.
[0183] The decoder may include a comparison identifying whether the selected reference picture index indicates usage
of one of the reference pictures with a fixed motion vector associated with it. In the case there is a fixed motion vector
associated with the reference picture, the decoder may select that motion vector to perform the motion compensated
prediction for the prediction unit. In the case there is no fixed motion vector associated with the reference picture, the
decoder may generate the motion vector information utilizing e.g. motion vectors of the neighboring prediction units and
differential motion vector information.
[0184] The encoder and decoder may perform motion compensated prediction for the prediction unit utilizing the
selected motion vector.
[0185] In example embodiments, common notation for arithmetic operators, logical operators, relational operators,
bit-wise operators, assignment operators, and range notation e.g. as specified in H.264/AVC or a draft HEVC may be
used. Furthermore, common mathematical functions e.g. as specified in H.264/AVC or a draft HEVC may be used and
a common order of precedence and execution order (from left to right or from right to left) of operators e.g. as specified
in H.264/AVC or a draft HEVC may be used.
[0186] In example embodiments, the following descriptors may be used to specify the parsing process of each syntax
element.

- ae(v): context-adaptive arithmetic (CABAC) entropy-coded syntax element
- b(8): byte having any pattern of bit string (8 bits).
- se(v): signed integer Exp-Golomb-coded syntax element with the left bit first.
- u(n): unsigned integer using n bits. When n is "v" in the syntax table, the number of bits varies in a manner dependent

on the value of other syntax elements. The parsing process for this descriptor is specified by n next bits from the
bitstream interpreted as a binary representation of an unsigned integer with most significant bit written first.

- ue(v): unsigned integer Exp-Golomb-coded syntax element with the left bit first.

[0187] An Exp-Golomb bit string may be converted to a code number (codeNum) for example using the following table:

Bit string codeNum

1 0

0 1 0 1

0 1 1 2

0 0 1 0 0 3

0 0 1 0 1 4

0 0 1 1 0 5

0 0 1 1 1 6

0 0 0 1 0 0 0 7

0 0 0 1 0 0 1 8
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[0188] A code number corresponding to an Exp-Golomb bit string may be converted to se(v) for example using the
following table:

[0189] In example embodiments, syntax structures, semantics of syntax elements, and decoding process may be
specified as follows. Syntax elements in the bitstream are represented in bold type. Each syntax element is described
by its name (all lower case letters with underscore characters), optionally its one or two syntax categories, and one or
two descriptors for its method of coded representation. The decoding process behaves according to the value of the
syntax element and to the values of previously decoded syntax elements. When a value of a syntax element is used in
the syntax tables or the text, it appears in regular (i.e., not bold) type. In some cases the syntax tables may use the
values of other variables derived from syntax elements values. Such variables appear in the syntax tables, or text, named
by a mixture of lower case and upper case letter and without any underscore characters. Variables starting with an upper
case letter are derived for the decoding of the current syntax structure and all depending syntax structures. Variables
starting with an upper case letter may be used in the decoding process for later syntax structures without mentioning
the originating syntax structure of the variable. Variables starting with a lower case letter are only used within the context
in which they are derived. In some cases, "mnemonic" names for syntax element values or variable values are used
interchangeably with their numerical values. Sometimes "mnemonic" names are used without any associated numerical
values. The association of values and names is specified in the text. The names are constructed from one or more
groups of letters separated by an underscore character. Each group starts with an upper case letter and may contain
more upper case letters.
[0190] In example embodiments, a syntax structure may be specified using the following. A group of statements
enclosed in curly brackets is a compound statement and is treated functionally as a single statement. A "while" structure
specifies a test of whether a condition is true, and if true, specifies evaluation of a statement (or compound statement)
repeatedly until the condition is no longer true. A "do ... while" structure specifies evaluation of a statement once, followed
by a test of whether a condition is true, and if true, specifies repeated evaluation of the statement until the condition is
no longer true. An "if ... else" structure specifies a test of whether a condition is true, and if the condition is true, specifies
evaluation of a primary statement, otherwise, specifies evaluation of an alternative statement. The "else" part of the
structure and the associated alternative statement is omitted if no alternative statement evaluation is needed. A "for"
structure specifies evaluation of an initial statement, followed by a test of a condition, and if the condition is true, specifies
repeated evaluation of a primary statement followed by a subsequent statement until the condition is no longer true.
[0191] In an example embodiment, the prediction unit syntax of a draft HEVC standard is modified such a way that
the presence of motion vector differences for the inter mode depends on the type and/or the scalability layer and/or the
view and/or any other property of the used reference picture. Typically, the used reference picture is identified by a
reference picture index in the bitstream. For reference pictures in the base view and in the base layer, motion vector
differences are typically defined to be present for the inter mode. However, it can be specified in a scalable extension
for example that no motion vector difference is present for a particular reference picture type without any change in the
prediction unit syntax. An example of the prediction unit syntax structure is as follows with the added parts indicated

(continued)

Bit string codeNum

0 0 0 1 0 1 0 9

... ...

codeNum syntax element value

0 0

1 1

2 -1

3 2

4 -2

5 3

6 -3

... ...
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with underlining:

prediction_unit(x0, y0, log2CbSize ) { Descriptor

...

} else { /* MODE_INTER */

merge_flag[x0][y0] ae(v)

if( merge_ flag[ x0 ][ y0 ]) {

if(MaxNumMergeCand > 1)

merge_idx[x0 ][ y0 ] ae(v)

} else {

if( slice type = = B )

inter_pred_flag[x0][y0] ae(v)

if(inter_pred_ flag[ x0 ][ y0] = = Pred_LC ) {

if(_num ref_idx_lc_active_minus1 > 0 )

ref_idx_lc[x0 ][ y0 ] ae(v)

if((PredLCToPredLx[ref_idx_lc[x0][y0]] = = Pred_L0 && MvdPresent
(RefldxLCToRefldxLx. RefPicList0))|| (PredLCToPredLx[ref_idx_lc[x0][y0]] = = Pred_L1 && 
MvdPresent(RefldxLCToRefldxLx. RefPicList1)))

mvd_coding(mvd_lc[x0 ][ y0 ][0], mvd_lc[x0 ][ y0 ][1])

mvp_lc _flag[ x0 ][ y0 ] ae(v)

} else {/* Pred_L0 or Pred_BI */

if(num_ref_idx_l0_active_minus 1 > 0)

ref_idx_ l0[ x0 ][ y0 ] ae(v)

if(MvdPresent(ref_idx_ l0[ x0 ][ y0 ], RefPictList0 ))

mvd_coding(mvd_l0[ x0 ][ y0 ][0], mvd_l0[ x0 ][ y0 ][1])

mvp_ l0_flag[ x0 ][ y0 ] ae(v)

}

if(inter pred flag[ x0 ][ y0] = = Pred BI) {

if(num ref idx 11 active minus 1 > 0)

ref_ idx_l1[ x0 ][ y0 ] ae(v)

if(mvd_l1_zero_flag) {

mvd_l1[x0][y0][0] = 0

mvd_l1[x0][y0][1] = 0

} else if(MvdPresent(ref_idx_ l1[ x0 ][ y0 ], RefPictList1 ))

mvd_coding( mvd_l1[ x0][ y0][0], mvd_l1[x0][y0][1])

mvp_ l1_flag[ x0 ][ y0 ] ae(v)

}

}

}

}
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[0192] As can be seen from the syntax structure above, the return value of the MvdPresent(refIdx, LX) function is used
to determine whether or not the mvd_coding() syntax structure is present for the reference picture with index refIdx from
the reference picture list LX. The function MvdPresent(refIdx, LX) may be specified as follows. When the current picture
(being decoded) is in the base layer and base view (e.g., when LayerId is equal to 0) and index refIdx in the reference
picture list LX identifies a picture in the base layer and base view (e.g., when LayerId is equal to 0), the function MvdPresent
returns 1. When index refldx in the reference picture list LX identifies a view synthesis picture, the function MvdPresent
returns 0. When the current picture (being decoded) is in an enhancement layer and base view (e.g., when LayerId is
equal to CurrLayerId, which is greater than 0) and index refldx in the reference picture list LX identifies a picture in a
lower layer such as the base layer (e.g., when LayerId is of the referred picture is less than CurrLayerId), the function
MvdPresent returns 0.
[0193] While embodiments of the invention have been described using particular coding standards and their extensions
as basis, the invention can be applied for other codecs, bitstream formats, and coding structures too.
[0194] There is provided the following elements which can be combined into a single solution, as will be described
below, or they can be utilized separately. As explained earlier, both a video encoder and a video decoder typically apply
a prediction mechanism, hence the following elements may apply similarly to both a video encoder and a video decoder.
[0195] In various embodiments presented above neighboring blocks to the current block being coded/decoded cb are
selected. Examples of selecting neighboring blocks include spatial neighbors (e.g. as indicated in Figure 7a). Other
examples include temporal in previous and/or later frames of the same view (e.g. as indicated in Figure 7b), spatial
neighbors in adjacent views, spatial neighbors in different layers, and spatial neighbors in synthesized views. The aspects
of the invention are not limited to the mentioned methods of selecting neighboring blocks, but rather the description is
given for one possible basis on top of which other embodiments of the invention may be partly or fully realized.
[0196] While many of the embodiments are described for prediction for luma, it is to be understood that in many coding
arrangements chroma prediction information may be derived from luma prediction information using pre-determined
relations. For example, it may be assumed that the same reference samples are used for the chroma components as
for luma.
[0197] The following describes in further detail suitable apparatus and possible mechanisms for implementing the
embodiments of the invention. In this regard reference is first made to Figure 10 which shows a schematic block diagram
of an exemplary apparatus or electronic device 50, which may incorporate a codec according to an embodiment of the
invention.
[0198] The electronic device 50 may for example be a mobile terminal or user equipment of a wireless communication
system. However, it would be appreciated that embodiments of the invention may be implemented within any electronic
device or apparatus which may require encoding and decoding or encoding or decoding video images.
[0199] The apparatus 50 may comprise a housing 30 for incorporating and protecting the device. The apparatus 50
further may comprise a display 32 in the form of a liquid crystal display. In other embodiments of the invention the display
may be any suitable display technology suitable to display an image or video. The apparatus 50 may further comprise
a keypad 34. In other embodiments of the invention any suitable data or user interface mechanism may be employed.
For example the user interface may be implemented as a virtual keyboard or data entry system as part of a touch-
sensitive display. The apparatus may comprise a microphone 36 or any suitable audio input which may be a digital or
analogue signal input. The apparatus 50 may further comprise an audio output device which in embodiments of the
invention may be any one of: an earpiece 38, speaker, or an analogue audio or digital audio output connection. The
apparatus 50 may also comprise a battery 40 (or in other embodiments of the invention the device may be powered by
any suitable mobile energy device such as solar cell, fuel cell or clockwork generator). The apparatus may further
comprise an infrared port 42 for short range line of sight communication to other devices. In other embodiments the
apparatus 50 may further comprise any suitable short range communication solution such as for example a Bluetooth
wireless connection or a USB/firewire wired connection.
[0200] The apparatus 50 may comprise a controller 56 or processor for controlling the apparatus 50. The controller
56 may be connected to memory 58 which in embodiments of the invention may store both data in the form of image
and audio data and/or may also store instructions for implementation on the controller 56. The controller 56 may further
be connected to codec circuitry 54 suitable for carrying out coding and decoding of audio and/or video data or assisting
in coding and decoding carried out by the controller 56.
[0201] The apparatus 50 may further comprise a card reader 48 and a smart card 46, for example a UICC and UICC
reader for providing user information and being suitable for providing authentication information for authentication and
authorization of the user at a network.
[0202] The apparatus 50 may comprise radio interface circuitry 52 connected to the controller and suitable for generating
wireless communication signals for example for communication with a cellular communications network, a wireless
communications system or a wireless local area network. The apparatus 50 may further comprise an antenna 44 con-
nected to the radio interface circuitry 52 for transmitting radio frequency signals generated at the radio interface circuitry
52 to other apparatus(es) and for receiving radio frequency signals from other apparatus(es).
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[0203] In some embodiments of the invention, the apparatus 50 comprises a camera capable of recording or detecting
individual frames which are then passed to the codec 54 or controller for processing. In other embodiments of the
invention, the apparatus may receive the video image data for processing from another device prior to transmission
and/or storage. In other embodiments of the invention, the apparatus 50 may receive either wirelessly or by a wired
connection the image for coding/decoding.
[0204] With respect to Figure 12, an example of a system within which embodiments of the present invention can be
utilized is shown. The system 10 comprises multiple communication devices which can communicate through one or
more networks. The system 10 may comprise any combination of wired or wireless networks including, but not limited
to a wireless cellular telephone network (such as a GSM, UMTS, CDMA network etc), a wireless local area network
(WLAN) such as defined by any of the IEEE 802.x standards, a Bluetooth personal area network, an Ethernet local area
network, a token ring local area network, a wide area network, and the Internet.
[0205] The system 10 may include both wired and wireless communication devices or apparatus 50 suitable for
implementing embodiments of the invention.
[0206] For example, the system shown in Figure 12 shows a mobile telephone network 11 and a representation of
the internet 28. Connectivity to the internet 28 may include, but is not limited to, long range wireless connections, short
range wireless connections, and various wired connections including, but not limited to, telephone lines, cable lines,
power lines, and similar communication pathways.
[0207] The example communication devices shown in the system 10 may include, but are not limited to, an electronic
device or apparatus 50, a combination of a personal digital assistant (PDA) and a mobile telephone 14, a PDA 16, an
integrated messaging device (IMD) 18, a desktop computer 20, a notebook computer 22. The apparatus 50 may be
stationary or mobile when carried by an individual who is moving. The apparatus 50 may also be located in a mode of
transport including, but not limited to, a car, a truck, a taxi, a bus, a train, a boat, an airplane, a bicycle, a motorcycle or
any similar suitable mode of transport.
[0208] Some or further apparatus may send and receive calls and messages and communicate with service providers
through a wireless connection 25 to a base station 24. The base station 24 may be connected to a network server 26
that allows communication between the mobile telephone network 11 and the internet 28. The system may include
additional communication devices and communication devices of various types.
[0209] The communication devices may communicate using various transmission technologies including, but not
limited to, code division multiple access (CDMA), global systems for mobile communications (GSM), universal mobile
telecommunications system (UMTS), time divisional multiple access (TDMA), frequency division multiple access (FDMA),
transmission control protocol-internet protocol (TCP-IP), short messaging service (SMS), multimedia messaging service
(MMS), email, instant messaging service (IMS), Bluetooth, IEEE 802.11 and any similar wireless communication tech-
nology. A communications device involved in implementing various embodiments of the present invention may commu-
nicate using various media including, but not limited to, radio, infrared, laser, cable connections, and any suitable con-
nection.
[0210] Although the above examples describe embodiments of the invention operating within a codec within an elec-
tronic device, it would be appreciated that the invention as described below may be implemented as part of any video
codec. Thus, for example, embodiments of the invention may be implemented in a video codec which may implement
video coding over fixed or wired communication paths.
[0211] Thus, user equipment may comprise a video codec such as those described in embodiments of the invention
above. It shall be appreciated that the term user equipment is intended to cover any suitable type of wireless user
equipment, such as mobile telephones, portable data processing devices or portable web browsers.
[0212] Furthermore elements of a public land mobile network (PLMN) may also comprise video codecs as described
above.
[0213] In general, the various embodiments of the invention may be implemented in hardware or special purpose
circuits, software, logic or any combination thereof. For example, some aspects may be implemented in hardware, while
other aspects may be implemented in firmware or software which may be executed by a controller, microprocessor or
other computing device, although the invention is not limited thereto. While various aspects of the invention may be
illustrated and described as block diagrams, flow charts, or using some other pictorial representation, it is well understood
that these blocks, apparatus, systems, techniques or methods described herein may be implemented in, as non-limiting
examples, hardware, software, firmware, special purpose circuits or logic, general purpose hardware or controller or
other computing devices, or some combination thereof.
[0214] The embodiments of this invention may be implemented by computer software executable by a data processor
of the mobile device, such as in the processor entity, or by hardware, or by a combination of software and hardware.
Further in this regard it should be noted that any blocks of the logic flow as in the Figures may represent program steps,
or interconnected logic circuits, blocks and functions, or a combination of program steps and logic circuits, blocks and
functions. The software may be stored on such physical media as memory chips, or memory blocks implemented within
the processor, magnetic media such as hard disk or floppy disks, and optical media such as for example DVD and the
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data variants thereof, CD.
[0215] The memory may be of any type suitable to the local technical environment and may be implemented using
any suitable data storage technology, such as semiconductor-based memory devices, magnetic memory devices and
systems, optical memory devices and systems, fixed memory and removable memory. The data processors may be of
any type suitable to the local technical environment, and may include one or more of general purpose computers, special
purpose computers, microprocessors, digital signal processors (DSPs) and processors based on multi-core processor
architecture, as non-limiting examples.
[0216] Embodiments of the inventions may be practiced in various components such as integrated circuit modules.
The design of integrated circuits is by and large a highly automated process. Complex and powerful software tools are
available for converting a logic level design into a semiconductor circuit design ready to be etched and formed on a
semiconductor substrate.
[0217] Programs, such as those provided by Synopsys, Inc. of Mountain View, California and Cadence Design, of
San Jose, California automatically route conductors and locate components on a semiconductor chip using well estab-
lished rules of design as well as libraries of pre-stored design modules. Once the design for a semiconductor circuit has
been completed, the resultant design, in a standardized electronic format (e.g., Opus, GDSII, or the like) may be trans-
mitted to a semiconductor fabrication facility or "fab" for fabrication.

Claims

1. A method comprising:

selecting a current block of a picture for encoding;
selecting a reference block for the current block,
wherein the selecting the reference block comprises
providing one or more reference pictures for the selecting of the reference block,
wherein the one or more reference pictures comprises at least one of the following:

- a view synthesized picture,
- a picture used for inter-view prediction,
- a picture used for inter-layer prediction, or
- a picture used for inter-prediction,

determining a type of prediction associated with each reference picture based on the reference picture index
identifying the reference picture;
determine a range of valid motion vectors for each reference picture by

in response to the type of prediction equal to inter-layer prediction, setting the motion vector to zero; and
in response to the type of prediction equal to inter-view prediction, restricting vertical motion vector com-
ponent of the motion vector for the current block within a range Óa1,b1Ò;
selecting a reference block that can be identified in a reference picture with a motion vector belonging to
the range of valid motion vectors determined for said reference picture;
encoding the motion vector belonging to said range of valid motion vectors and associated with the selected
reference block, wherein the encoding corresponds to context-based entropy encoding and is based on
the type of prediction associated with the reference picture containing the reference block;
encoding the current block based on the motion vector associated with the selected reference block and
based on the selected reference block.

2. The method according to claim 1 further comprising:

restricting the vertical motion vector component within a first range [a1,b1], if the selected reference block is
from a reference picture used for the view-synthesis prediction or the inter-view prediction; and
restricting a horizontal motion vector component within a second range [a2,b2], if the selected reference block
is from a reference picture used for the view-synthesis prediction.

3. A method comprising:

receiving a bit stream comprising encoded information relating to a current block of a picture;



EP 2 839 660 B1

31

5

10

15

20

25

30

35

40

45

50

55

determining a reference picture for the current block from a reference picture index contained in the encoded
information;
determining a type of prediction for the current block based on said reference picture index;
wherein the reference picture is one of the following:

- a view synthesized picture,
- a picture used for inter-view prediction,
- a picture used for inter-layer prediction, or
- a picture used for inter-prediction,

wherein the range of valid motion vectors depends on the determined type of prediction associated with the
reference picture by

in response to the type of prediction equal to inter-layer prediction, setting the motion vector to zero; and
in response to the type of prediction equal to inter-view prediction, restricting vertical motion vector com-
ponent of the motion vector for the current block within a range [a1,b1];

wherein determining the motion vector comprises context-based entropy decoding the motion vector for the
current block on the basis of the type of prediction;
determining a reference block identified in said reference picture with the decoded motion vector belonging to
the range of valid motion vectors; and
decoding the current block based on said reference block.

4. An apparatus comprising means for performing a method according to any of claims 1-2.

5. An apparatus comprising means for performing a method according to claim 3.

6. A computer-readable medium comprising instructions which, when executed by a computer, cause the computer
to carry out the method according to any of claims 1-2.

7. A computer-readable medium comprising instructions which, when executed by a computer, cause the computer
to carry out the method according to claim 3.

Patentansprüche

1. Verfahren, das Folgendes umfasst:

Auswählen eines aktuellen Blocks eines Bildes zum Codieren;
Auswählen eines Referenzblocks für den aktuellen Block,
wobei das Auswählen des Referenzblocks Folgendes umfasst
Bereitstellen von einem oder mehreren Referenzbildern für das Auswählen des Referenzblocks, wobei das
eine oder die mehreren Referenzbilder mindestens eines von Folgendem umfassen:

- ein ansichtssynthetisiertes Bild,
- ein Bild, das für eine Zwischenansichtsvorhersage verwendet wird,
- ein Bild, das für eine Zwischenschichtvorhersage verwendet wird, oder
- ein Bild, das für eine Zwischenvorhersage verwendet wird,

Bestimmen eines Typs der Vorhersage, der mit jedem Referenzbild verknüpft ist, auf Basis des Referenzbild-
index, der das Referenzbild identifiziert;
Bestimmen eines Bereichs von gültigen Bewegungsvektoren für jedes Referenzbild durch
in Reaktion darauf, dass der Typ der Vorhersage mit der Zwischenschichtvorhersage übereinstimmt, Einstellen
des Bewegungsvektors auf null; und
in Reaktion darauf, dass der Typ der Vorhersage mit der Zwischenansichtsvorhersage übereinstimmt, Be-
schränken der vertikalen Bewegungsvektorkomponente des Bewegungsvektors für den aktuellen Block auf
einen Bereich [a1,b1];
Auswählen eines Referenzblocks, der in einem Referenzbild mit einem Bewegungsvektor, der zum Bereich
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von gültigen Bewegungsvektoren gehört, die für das Referenzbild bestimmt werden, identifiziert werden kann;
Codieren des Bewegungsvektors, der zum Bereich von gültigen Bewegungsvektoren gehört und mit dem aus-
gewählten Referenzblock verknüpft ist, wobei das Codieren einer kontextbasierten Entropiecodierung entspricht
und auf dem Typ der Vorhersage basiert, der mit dem Referenzbild verknüpft ist, das den Referenzblock enthält;
Codieren des aktuellen Blocks auf Basis des Bewegungsvektors, der mit dem ausgewählten Referenzblock
verknüpft ist, und auf Basis des ausgewählten Referenzblocks.

2. Verfahren nach Anspruch 1, das ferner Folgendes umfasst:

Beschränken der vertikalen Bewegungsvektorkomponente auf einen ersten Bereich [a1,b1], wenn der ausge-
wählte Referenzblock von einem Referenzbild stammt, das für die Ansichtssynthesevorhersage oder die Zwi-
schenansichtsvorhersage verwendet wird; und
Beschränken einer horizontalen Bewegungsvektorkomponente auf einen zweiten Bereich [a2,b2], wenn der
ausgewählte Referenzblock von einem Referenzbild stammt, das für die Ansichtssynthesevorhersage verwen-
det wird.

3. Verfahren, das Folgendes umfasst:

Empfangen eines Bitstroms, der codierte Informationen umfasst, die einen aktuellen Block eines Bildes betreffen;
Bestimmen eines Referenzbildes für den aktuellen Block anhand eines Referenzbildindex, der in den codierten
Informationen enthalten ist;
Bestimmen eines Typs der Vorhersage für den aktuellen Block auf Basis des Referenzbildindex;
wobei das Referenzbild eines von Folgendem ist:

- ein ansichtssynthetisiertes Bild,
- ein Bild, das für eine Zwischenansichtsvorhersage verwendet wird,
- ein Bild, das für eine Zwischenschichtvorhersage verwendet wird, oder
- ein Bild, das für eine Zwischenvorhersage verwendet wird,

wobei der Bereich von gültigen Bewegungsvektoren vom bestimmten Typ der Vorhersage, der mit dem Refe-
renzbild verknüpft ist, abhängig ist durch
in Reaktion darauf, dass der Typ der Vorhersage mit der Zwischenschichtvorhersage übereinstimmt, Einstellen
des Bewegungsvektors auf null; und
in Reaktion darauf, dass der Typ der Vorhersage mit der Zwischenansichtsvorhersage übereinstimmt, Be-
schränken der vertikalen Bewegungsvektorkomponente des Bewegungsvektors für den aktuellen Block auf
einen Bereich [a1,b1];
wobei das Bestimmen des Bewegungsvektors ein kontextbasiertes Entropiedecodieren des Bewegungsvektors
für den aktuellen Block auf Basis des Typs der Vorhersage umfasst,
Bestimmen eines Referenzblocks, der im Referenzbild mit dem decodierten Bewegungsvektor, der zum Bereich
von gültigen Bewegungsvektoren gehört, identifiziert ist; und
Decodieren des aktuellen Blocks auf Basis des Referenzblocks.

4. Vorrichtung, die Mittel zum Durchführen eines Verfahrens nach einem der Ansprüche 1-2 umfasst.

5. Vorrichtung, die Mittel zum Durchführen eines Verfahrens nach Anspruch 3 umfasst.

6. Computerlesbares Medium, das Anweisungen umfasst, die, wenn sie von einem Computer ausgeführt werden, den
Computer veranlassen, das Verfahren nach einem der Ansprüche 1-2 umzusetzen.

7. Computerlesbares Medium, das Anweisungen umfasst, die, wenn sie von einem Computer ausgeführt werden, den
Computer veranlassen, das Verfahren nach Anspruch 3 umzusetzen.

Revendications

1. Procédé comprenant les étapes consistant à :

sélectionner un bloc courant d’une image pour codage ;
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sélectionner un bloc de référence pour le bloc courant,
dans lequel la sélection du bloc de référence comprend
la fourniture d’une ou plusieurs images de référence pour la sélection du bloc de référence,
dans lequel les une ou plusieurs images de référence comprennent au moins l’une des images suivantes :

- une image de vue synthétisée,
- une image utilisée pour la prédiction inter-vues,
- une image utilisée pour la prédiction inter-couches, ou
- une image utilisée pour l’inter-prévision,

déterminer un type de prédiction associé à chaque image de référence sur la base de l’index d’images de
référence identifiant l’image de référence ;
déterminer une page de vecteurs de mouvement valides pour chaque image de référence en :

en réponse au fait que le type de prédiction soit égal à la prédiction inter-couches, définissant le vecteur
de mouvement à zéro ; et
en réponse au fait que le type de prédiction soit égal à la prédiction inter-vues, restreignant la composante
verticale de vecteur de mouvement du vecteur de mouvement pour le bloc courant dans une plage [a1,b1] ;

sélectionner un bloc de référence qui peut être identifié dans une image de référence avec un vecteur de
mouvement de la page de vecteurs de mouvement valides déterminés pour ladite image de référence ;
coder le vecteur de mouvement dans ladite plage de vecteurs de mouvement valides et associé au bloc de
référence sélectionné, dans lequel le codage correspond à un codage entropique basé sur le contexte et est
basé sur le type de prédiction associé à l’image de référence contenant le bloc de référence ;
coder le bloc courant sur la base du vecteur de mouvement associé au bloc de référence sélectionné et sur la
base du bloc de référence sélectionné.

2. Procédé selon la revendication 1 comprenant en outre les étapes consistant à :

restreindre la composante verticale de vecteur de mouvement dans une première plage [a1,b1], si le bloc de
référence sélectionné provient d’une image de référence utilisée pour la prédiction de synthèse de vue ou la
prédiction inter-vues ; et
restreindre une composante horizontale de vecteur de mouvement dans une deuxième plage [a2,b2], si le bloc
de référence sélectionné provient d’une image de référence utilisée pour la prédiction de synthèse de vue.

3. Procédé comprenant les étapes consistant à :

recevoir un flux de bits comprenant des informations codées concernant un bloc courant d’une image ;
déterminer une image de référence pour le bloc courant à partir d’un index d’images de référence contenu dans
les informations codées ;
déterminer un type de prédiction pour le bloc courant sur la base dudit index d’images de référence ;
dans lequel l’image de référence est l’une des images suivantes :

- une image de vue synthétisée,
- une image utilisée pour la prédiction inter-vues,
- une image utilisée pour la prédiction inter-couches, ou
- une image utilisée pour l’inter-prévision,

dans lequel la page de vecteurs de mouvement valides dépend du type déterminé de prédiction associé à
l’image de référence en :

en réponse au fait que le type de prédiction soit égal à la prédiction inter-couches, définissant le vecteur
de mouvement à zéro ; et
en réponse au fait que le type de prédiction soit égal à la prédiction inter-vues, restreignant la composante
verticale de vecteur de mouvement du vecteur de mouvement pour le bloc courant dans une plage [a1,b1] ;

dans lequel la détermination du vecteur de mouvement comprend un décodage entropique basé sur le contexte
du vecteur de mouvement pour le bloc courant sur la base du type de prédiction ;
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déterminer un bloc de référence identifié dans ladite image de référence avec le vecteur de mouvement décodé
de la page de vecteurs de mouvement valides ; et
décoder le bloc courant sur la base dudit bloc de référence.

4. Appareil comprenant des moyens pour effectuer un procédé selon l’une quelconque des revendications 1 et 2.

5. Appareil comprenant des moyens pour effectuer un procédé selon la revendication 3.

6. Support lisible par ordinateur comprenant des instructions qui, lorsqu’elles sont exécutées par un ordinateur, amènent
l’ordinateur à réaliser le procédé selon l’une quelconque des revendications 1 et 2.

7. Support lisible par ordinateur comprenant des instructions qui, lorsqu’elles sont exécutées par un ordinateur, amènent
l’ordinateur à réaliser le procédé selon la revendication 3.
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